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below. A slow pulse initially, a slight increase in the pulse rate on 
standing and after exercise, a quick fall in pulse rate after exercising, 
and a rise in systolic blood pressure on standing raise the index. 

Table I 


Points of Grading Cardiovascular Changes (Scott 3 ) 


A. RECLINING PULSE RATE 

(POINTS) 

B. PULSE RATE INCREASE ON STANDING 

(POINTS) 

0-10 11-1S 19-26 27-34 35-42 

50- 00 3 

01- 70 3 

71- 80 2 

81- 90 1 

91-100 0 

101-110 -1 

3 3 2 1 0 

3 2 10-1 

3 2 0 -1 -2 

2 1-1-2 -3 

10-2 -3 -3 

0 -1 -3 -3 -3 

C. STANDING PULSE RATE 

(POINTS) 

D. PULSE RATE INCREASE IMMEDIATELY 

AFTER EXERCISE (POINTS) 

0-10 11-20 21-30 31-40 41-50 

00- 70 3 

71- 80 3 

81- 90 2 

91-100 1 

101-110 1 

111-120 0 

121-130 0 

131-140 -1 

3 3 2 1 0 

3 2 10 0 

3 2 10-1 

2 1 0-1-2 

1 0-1-2 -3 

1 -1 -2 -3 -3 

0 -2 -3 -3 -3 

0 -3 -3 -3 -3 

E- RETURN OF PULSE RATE 

TO STANDING NORMAL 
AFTER EXERCISE 
(POINTS) 

F. SYSTOLIC PRESSURE STANDING COM- 

PARED WITH RECLINING 

0- 30 seconds 3 

31- GO seconds 2 

01- 90 seconds 1 

91-120 seconds 0 

After 120 seconds; 

2- 10 beats above -1 

11-30 beats above 

normal -2 

Rise of S mm. or more 3 

Rise of 2-7 mm. 2 

No rise 1 

Fall of 2-5 mm. 0 

Fall of 6 mm. or more -1 


The Schneider method of testing was revised in 1923, 4 and has had 
wide use in the examination of men applying for admission to the avia- 
tion services. 

The diurnal variations in the total score were ascertained by 
Schneider 1 on seven men and seven women. The test was made hourly, 
and the subjects were kept busy between tests with desk work. They 
ate tiie usual meals. The mean score for the men for the twenty-four 
hours ranged from 10.1 to 13.6, and for the women, from 9 to 14. The 
largest variations followed eating. The score rose rapidly from 9 a.m. 
to noon, declined after lunch to 2 i\m., and then rose again until 5 p.m. 
The evening meal caused another fall. From 8 p.m. to 2 a.m. the index 
rose, reaching the maximum at 2 a.m. After this there was a slight fall. 
The effect of conscientious physical training is a higher score. In a study 
of a football squad by Schneider, 4 the index was lower after discon- 
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timiance of tamtag imm of -f «« 
that this test gives an estimate of (lie otTieiuic) 
svstein The average index of commercial air pilots is H. 

' The use of this test is dual, i.e., if can be employed both as a soroemng 
lest and as a method of periodic checkup. Schneider, 1 Armstrong, ; «nd 
Scott 3 caution the student of the subject, against drawing conclusions 
from the test alone, without evaluating all other methods of examination. 
Likewise, army and navy regulations state that a low index alone is in- 
sufficient for disqualification. The scoring is lowered by previous exer- 
cise, emotion, infection, excesses of any sort, and by physical deficiencies. 
Ingestion of food, fatigue, and careless testing affect the score. 

Schneider has tested large numbers of normal men. and Scott 3 sug- 
gested the following interpretation of scores: excellent, 14-1 8; very 
good, 11-13; fair, 9-10; doubtful, 7-8; and unsatisfactory, below 7. 

The test must be carefully done.- The subject and the examiner must 
be alone in a quiet room. The preliminary rest must be provided on 
a comfortable couch or bed. Due consideration to the ingestion ot food 
or liquor, smoking, recent illness, emotion, and fatigue must, be given. 
And, finally, the examiner must, appreciate that any test, when taken 
for the first time, may he poorly performed even by men and women in 
excellent physical condition, so important arc the emotional influences of 
fear and anxiety. 

In the present conflict, with the great demand for large numbers of 
air recruits, it is most important that unfit men be rejected, and equally 
important that favorable prospects be accepted. Inasmuch as the 
Schneider test is widely employed in the examination of aviation re- 
cruits, it. is important to re-emphasize the limitations of the test. 

A careful searcli of the literature lias not revealed any application of 
the test to patients with known cardiovascular defects. The present 
observations were undertaken to supply these data. 


Table II 
Normal Controls 


INSTITUTION 

NO. 

ABE 

ranof. 

SCORE 

range 

AVERAGE 

STANDARD 

DEVIATION 

University School 
Western Reserve 
■Lakeside staff 
Miscellaneous 

Women 

Total ' 

n 

07 

17 

0 

7 

IMS 

10 to 10 
IS to M2 
23 to 53 
15 to MS 
22 to MO 
15 to 53 

0 to 15 

2 to 17 

0 to 10 

0 to 17 
-2 to IS 
-2 to IS 

0.0 1 
10.SS 
12.01 

10.0 

S.71 

Hues 

•1.032 

3.M2S 

2.775 

0.0 

0.315 

3.000 


Normal Controls .— In order to familiarize ourselves win, n • i 

several groups of normal persons were tested ■ m ! ' C , fX ' 

m all. The scores are tabulated in Table II ' ' ° Un "’ llorm;i] ;ululfs ' 

° £ 1,10 ** “ Hospital 

this group ,s ;j zz:vt k,] s,Kim - 

i iaic was 4 ; the average increase 
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of the standing pulse rate was 11; the average increase after exercise 
was 15, and the average time of the return of the pulse rate to the pre- 
vious standing level was thirty seconds. The average change in blood 
pressure after standing two minutes was an increase of 7 mm. Hg. 
The average index of the group was 12.94. 

Table III 


Effect of digitalis on Normals 



CONTROL SCORE 

DIGITALIZED score 

AMOUNT DIGITALIS 

1 . 

1G 

10 

l.G Gm. 

2 . 

G 

-3 

1.4 Gm. 

3. 

14 

13 

1.2 Gm. 

4. 

1G 

1G 

1.3 Gm. 

5. 

1G 

15 

1.2 Gm. 

6. 

1G 

9 

1.3 Gm. 

7. 

10 

S 

1.5 Gm. 

8 . 

14 

9 

1.2 Gm. 

9. 

15 

7 

1.2 Gm. 

10. 

14 

1G 

1.6 Gm. 


The Effect of Digitalis on the Index of Normal Controls. — The medical 
house officers were the subjects of this study. The test was done before 
and after digitalization (Table III). Digitalis was given in the follow- 
ing manner: Two doses of 0.5 Gm. of U.S.P. powder were given six 
hours apart, and 0.2 Gm. was given at intervals of six hours until nausea 
occurred. The index in the control observations was, with one exception, 
within the “fair” to “excellent” range. After digitalization the index 
was lower in eight instances, slightly higher in one case, and unchanged 
in one case. The reduction in the index was due to the slower return of 
the heart rate, after exercise, to the previous standing level. This 
(delay in the return of the pulse rate to the previous standing level after 
exercise) is in agreement with the observations of Parkinson* 5 in cases 
of soldiers’ heart. 

Table IV 


Heart Conditions 
Summary 


CONDITION 

NO. 

AGE 

RANGE 

SCORE 

RANGE 

AVERAGE 

STANDARD 

DEVIA- 

TION 

Aortic insufficiency 

Auricular fibrillation, idiopathic 
Arteriosclerotic heart disease 
Coronary thrombosis 

Hypertensive heart disease 
Rheumatic heart disease 
Miscellaneous 

9 

2 

13 

1G 

37 

51 

5 

37, 47 

35, 43 

41 to 7S 
33 to 59 
39 to GG 
13 to 68 
19 to 72 

11, 16 

3, 13 

4 to 15 

6 to 1G 
-1 to 1G 
-3 to 17 

4 to 13 

13.5 

S.O 

9.92 

10.G3 

9. SI 
10.1 

9.2 

■ 

Total 

12G 

13 to 78 

-3 to 17 

10.05 

4.24 


1 he Schneider Test in Various Pathologic Conditions. — The test was 
pei formed on 121 patients with various diseases of the circulatory sys- 
tem, and on five patients with miscellaneous conditions. All of the 
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Table V 


“Excellent (14-iS) 

Very good (11-13) 

Fair (9-10) 

Doubtful (7-8) „ 

Unsatisfactory (below t ) 


Total 



Comparison Of Normal Controls With Ca®. 


-1 0 

Score -3 -i l 


0 4 6 8 10 12 16 18 
3 5 7 9 11 I s I 5 w . 



Score 


-3 -1 1 3 5 7 9 11 13 15 17 
-Z 0 Z 4 6 8 10 IZ 14 16 18 


Fie. 1. 


patients were in fair to good condition, and cardiac failure, when pres- 
ent, was mild. All of the patients were ambulatory and were attend- 
ing either the outpatient department of the University Hospitals or the 
private consulting room of one of us. Table IV gives the data on the 
126 patients. The score range was from minus 3 to 17, with an average 
index of 10.05. The variation of scores may be judged by the standard 
deviation of 4.24 and the standard error of 0.3784. The distribution of 
these pathologic cases is contrasted with that of the normal controls in 
Table V. There was a remarkable parallelism, and this is graphically 
illustrated in Fig. 1. The patients with all types of cardiovascular dis- 
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ease behaved much the same as the large group of normals, although the 
normals skewed slightly to the right (slightly higher scores), and the 
abnormals skewed slightly to the left (slightly lower scores). 

Table VI 

Hypertensive Cardiovascular Disease 



Hypertensive Cardiovascular Disease. — Thirty-seven patients with 
persistent hypertension were studied. The group included patients with- 
out heart failure, patients with moderate failure, and patients who were 
digitalized and not digitalized. The scores ranged from minus 1 to 16, 
with an average of 9.81. The failure group (all but one of whom were 
digitalized) ranged from 3 to 14, with an average of 10.0. The non- 
failure group scored from minus 1 to 16, with an average of 9.7. In 
other words, the average index in this group would be classed as “fair,” 
v with many cases falling in the “very good” and “excellent” groups 
(Table VI). 

Table VII 

Arteriosclerotic Heart Disease 


.CASE 

SEX 

AGE 1 

FAILURE | 

DIGITALIZED | 

INDEX 

1 

M 

47 

0 

0 


S 

2 

M 

5S 

0 

0 


12 

o 

O 

M 

50 

+ 

+ 


11 

4 

M 

78 

0 

0 

A. F. 

9 

5 

M 

40 

0 

0 


15 

0 

M 

41 

0 

0 


8 




Rt. B.B.B. 




7 

M 

44 

0 

0 


12 

S 

M 

53 

0 

+ 


4 

9 

F 

55 

0 

+ 


0 

10 

F 

00 

0 

+ 


14 

11 

M 

05 

0 

0 

A. F. 

15 

12 

M 

52 

0 

' 0 


11 

13 

M 

01 

0 

+ 


4 


Range of scores 
Average 

Standard deviation 
Standard error 


4 to 15 

9.92 

3.047 

1.81 















FEIL ET A L. : SCHNEIDER INDEX 

Angina Pectoris and Myocardial P at “ s ™‘j' 

coronary arteriosclerosis and angina pcetom wove atnd.ecl (Table U). 
The indices ranged. from 4 to 15,. with an average ot 9.92. 

Table VIII 

Myocardial Infarction 


DISTRIBUTION 

number 

SCORE 

1 

6 

9 

/ i 

3 

8 

1 

9 

2 

11 

2 

12 

2 

13 

i 

' 14 

i 

15 

i 

1C 

Range of scores 

G to 1C 

Average 

10.63 

Standard deviation 

3.010 


Sixteen eases of old myocardial infarction in relatively yonng men 
are summarized in Table VIII. The index ranged from 6 to 16, with an 
average of 10.63. Four patients whose illness dated hack only three 
months gave good scores. 


Table IX 

Rheumatic Heart Disease 


DISTRIBUTION OF SCORES 


NUMBER 

SCORE 

1 

-3 

1 

1 

2 

2 

1 

9 

O 

5 

0 

4 

c 

2 

7 

1 

s 

O 

9 

; 

10 

11 


12 

u 

13 


14 

3 

15 

4 

1G 


17 

Range of scores 

Average 

-3 to 17 

Standard deviation 

10.] 

Standard error 

4.73G 

0.4G4 


Rheumatic Heart Diipnsp Truef,. a- 

disease and severe valve lesions wele 
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ranged from minus 3 to 17, with an average of 10.1. The patients with 
cardiac failure had scores ranging from 3 to 17 (average, 11.8), and 
the patients without cardiac failure had scores ranging from minus 3 
to 17, with an average of 9.8. Digitalis made no appreciable difference 
in the score. The patients with combined aortic and mitral disease did 
equally as well as the patients with mitral stenosis alone. Patients with 
normal sinus rhythm and those with auricular fibrillation did equally 
well. In this group of fifty-one patients, thirty-four had a “fair” to 
‘ ‘ excellent ’ 5 rating. 

Auricular Fibrillation, Etiology Unknown. — Two male patients, aged 
35 and 43 years, respectively, had chronic auricular fibrillation without 
any discoverable cause. They were both active; the first was a physician, 
the second, a crane operator. Their scores were 3 and 13, respectively. 

Normal Mechanism. — The cardiac mechanism was normal in ninety- 
four cases. The scores ranged from minus 3 to 17, with an average of 
9.9 (Table X). 

Table X 


Normal Mechanism 



NUMBER 

RANGE 

AVERAGE 

Aortic insufficiency (syphilitic) 

2 

11, 16 

13.5 

Arteriosclerotic heart disease 

11 

4 to 15 

9.5 

Coronary thrombosis 

15 

6 to 16 

10.5 

Hypertensive heart disease 

33 

-1 to 16 

9.6 

Hypothyroidism 

1 

12 


Leucemia and anemia 

1 

9 


Right bundle branch block 

1 

13 


Rheumatic heart disease 

30 

-3 to 17 

9.5 

Total 

94 

-3 to 17 

9.9 


Auricular Fibrillation. — In thirty-two cases of auricular fibrillation 
the index variation was from 2 to 17, with an average of 11.9 (Table XI). 


Table XI 


Auricular Fibrillation 



NUMBER 

RANGE 

AVERAGE 

Arteriosclerotic heart disease 

2 

9, 15 

12.0 

Congenital heart disease 

1 

8 


Coronary thrombosis 

1 

12 


Hypertensive heart disease 

4 

9 to 16 

10.3 

Hyperthyroidism 

1 

4 


Idiopathic 

2 

3, 13 

s.o 

Rheumatic heart disease 

21 

2 to 17 


Total 

32 

2 to 17 

11.9 


Patients With No Heart Failure. — In 102 cases there were no signs 
of congestive failure. Here the scores ranged from 2 to 17, with an 
average of 10.1 in the digitalized group, and from minus 3 to 17, with 
an average of 10, in the undigitalized group (Table XII). 
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Table XII 
Patients with No Heart Failure 


Aortic insufficiency 
(syphilitic) 
Arteriosclerotic heart dis- 
ease 

Auricular fibrillation 
(idiopathic) 

Coronary thrombosis 
Hypertensive heart disease 
Hyperthyroidism ; A. F. 
Hypothyroidism 
Leucemia and anemia 
Rheumatic heart disease 
Right bundle branch block 
Tetralogy of Fallot; A. F. 

Total 



10.0 


Cardiac Failure . — There were twenty-three cases of mild congestive 
failure; all but one of these patients were digitalized. The index in the 
digitalized group ranged from 3 to 17, with an average of 12 (Table 
XIII). 

Table XIII 


Cardiac Failure 



i digitalized I 

SOT 

DIGITALIZED ( 

TOTAL 


NO. 


wm 

NO. 


AY. 

NO. j 

RANGE 

AV. 

Aortic insufficiency 

I 

11 

B 


RANGE j 


1 

11 


(syphilitic) 

Arteriosclerotic heart dis- 

1 

11 

I 




1 

11 


ease 



1 







Hypertensive heart disease 1 

13 

3 to 14 | 

El 

1 

12 | 


14 

3 to 14 

n.s 

Rheumatic heart disease 

S 

3 to 17 

11.8 




8 

3 to 17 

10.0 

Total 

23 


tm 

mm 

12 


24 

3 to 17 

11.7 


This study of 126 patients, 121 of whom had serious cardiac or hyper- 
tensive disease, frequently showed favorable Schneider indices. This 
emphasizes the contention of Schneider, Armstrong, and Scott that an 
unfavorable test alone must not disqualify, and, likewise, that a favor- 
able result must be backed up with a careful history and physical ex- 
amination. The Schneider index is frequently as favorable in persons 
with organic cardiovascular disease as in normal controls, and cannot be 
employed to differentiate normal from abnormal cardiovascular states. 
The limitations of the Schneider index have been emphasized. The test 
is most valuable for follow-up observations, for a lowering of the index 
signifies some variation in either the psychic or the physical condition. 


UUISULiUSIUNS 


1. As a test of physical efficiency of the cardiovascular system th 
Schneider test makes very slight demand on the cardiovascular, re*™ 
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2. The Schneider test is sensitive to both physical and psychic factors. 

3. The Schneider index was obtained on ten digitalized normal con- 
trols. The index was lower in eight eases, unchanged in one case, and 
increased in one ease. The reduction in the index was due to the slower 


return of the heart rate, after exercise, to the standing level. 

4. Of 37 eases of hypertensive disease, the index was “excellent” in 
7, “very good” in 12, “fair” in 8, and “doubtful” or “unsatisfactory” 
in 10. 


5. In 13 cases of angina pectoris the indices ranged from “doubtful” 
to “very good.” 

6. Of 16 cases of remote myocardial infarction, the range was from 
“fair” to “excellent” in 10. 


7. In 51 cases of rheumatic heart disease, 15 indices were “excellent,” 
12 were “very good,” 7 were “fair,” 3 were “doubtful,” and 14 were 
“unsatisfactory.” 


We extend our thanks to Dr. Joseph Wearn for his stimulating interest in this 
study, and to the members of the resident medical staff of Lakeside Hospital who 
were the subjects of the digitalis experiments. 
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ADDENDUM 

Brouha and Heath recently published a paper (Brouha, Lucien, and 
Heath, Clark W. : Resting-Pulse and Blood Pressure Values in Rela- 
tion to Physical Fitness in Young Men, New England J. Med. 228: 4/3, 
1943) showing that there was no satisfaetoiy relation between basal 
pulse rate, sitting pulse rate, and physical fitness for strenuous exertion 
in normal, healthy young men, and that emotional factors are largely 
responsible for the .high resting pulse rates that are commonly found 
during the preinduction medical examination of healthy young men. 



BLOOD PRESSURE IN THE AGED 
A Study of One Thousand Eudkkuy Male Suiuects 

Henry T. Russek, M.l). 

Staten Island, N. V. 

r-pHE realization that Utoic are ever increasing nnraliore of aged ]"‘r- 
1 sons in the United States has given fresh impetus to the study ot 
oeriatries. In a period of forty years (ItKKMMO), dunng tvh.el. the 
population of this country increased slightly more that, one and one- 
half times, the number of persons (55 years old, or older, almos n > < 
(approximately 9,000,000). As this change in the age distribution " 
the population continues, the physician will be confronted more and 
more with the problem of the care of the aged and the diseases and 
infirmities arising from the senile state. For a clearer understanding 
of these problems, further study of the physiology and pathology of 
senescence and the establishment ot normal standards tor old age <ue 


essential. 

Most statistics concerning the variations of blood pressure with age 
are based upon studies of comparatively young adults. In some series 
the number of senile subjects was too small to permit of accurate 
analysis of blood pressure trends in old age. In others, all elderly 
persons were classified as one homogeneous group under a designation 
such as “subjects over the age of GO,” and no attempt was made to 
consider the respective age subdivisions of this group, lienee such 
studies contributed little to an understanding of the blood pressure 
changes in the latter decades of life. 


The concept that blood pressure increases with the process of aging 
is so deeply rooted that the old formula “100 plus your age” is still 
universally applied by the laity, and is even today accepted by some 
physicians. That normal blood pressure does rise with advancing years, 
but much more slowly than the age, is suggested by the compilations 
of life insurance underwriters. 1 - 2 Their tables indicate that, normally, 
the blood pressure of white men rises from 120/7!) at the a-m of 20 
years to 138/89 at the age of 65 years. 


Bowes, 3 in a study of the average blood pressure ol‘ one hundred 
fifty aged subjects, observed a similar increase with advancing age 
the systolic pressures of the men rose from 145 nun. in the 60- "to 65 
year-old group to 163 mm. in the 80- to 84-year-old group, and the 
pulse pressure increased from 63 mm. to 80 mm. in the same period. 

.ewis, m an analysis of blood pressure variations, observed that the 
«ieate_st rise m systolic pressure occurred after the age of 65 years. 

From the U. S. Marine Hospital. 

Received for publication Aug. 20. 19-12. 
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His study, however, included only one hundred men, twenty in each 
decade from the age of 40 to 89 years. The average systolic pressure 
rose from 116 mm. in the 40- to 44-year-old group to 158 mm. in the 
85- to 89-year-old group. The average diastolic pressure, on the other 
hand, showed little change in succeeding decades. 

Miller’s 5 study of eight hundred fifty-three men and one hundred 
twenty-eight women who were past middle age also showed that 
there is a rise in average systolic pressure with advancing years. At 
50 to 54 years in the male group, the systolic level was 132 mm., and 
rose to 157 mm. in the 85- to 89-year-old group. The pulse pressure 
showed a corresponding rise from 46 mm. to 71 mm., whereas the 
diastolic pressure varied only slightly in the same interval (84 mm. to 
87 mm.). 

Although such observations seem to indicate that systolic pressure 
normally tends to increase with age, not everyone agrees that this is 
true. Alvarez and Stanley 0 have stated that a systolic pressure of 
115 mm. is just as normal, and one of 140 mm. just as abnormal, for 
an old man as a young one. Similar views as to the constancy of nor- 
mal blood pressure were expressed by Huber, 7 Faught, 8 and others. 

Robinson and Bracer 0 have declared even more emphatically that the 
range of normal blood pressure must be considered “as immutable and 
as constant as the temperature and pulse rate.” They point out that 
the average levels which were regarded as normal in previous studies 
were distorted by including abnormally high pressures. The authors 
maintain that, although elevated pressures rise with advancing years, 
normal levels remain unchanged. In their opinion, normal blood pres- 
sure does not exceed 120 mm., and levels of 130 mm. to 140 mm. can 
never be considered normal at any age. In their statistical study of 
more than ten thousand persons, the authors attempted to eliminate 
the abnormal pressures in order to arrive at a more accurate average 
of normal blood pressure. This was supposed to be accomplished by 
excluding subjects with a pressure in excess of 140/90, because, with 
this level as the upper limit of normal, the authors found no increase 
with age. As pointed out by Treloar, 10 this manipulation was actually 
a means of forcing a desired result. Although only 13.3 per cent of 
their male subjects were excluded by this procedure, it will be shown 
that, when aged subjects are taken at random, over 60 per cent would 
be affected by such a procedure. It is further to be noted that al- 
though 7,478 men were included in their entire group, only 189 were 
more than 65 years of age. Finally, the authors state that 120 mm., 
systolic, and 80 mm., diastolic, are the upper limits of normal blood 
pressure, and maintain that when these levels are exceeded there is an 
abrupt rise in death rate. That this does not hold for certain elderly 
persons who comprised an appreciable percentage of the entire group 
will be shown in this study. 



bussek: blood prkssurk IN' T» K - Ui,:n 

It is evident, therefore, that little accurate 
concerning blood pressure trends among persons ouu 1,u - - , 

years. Furthermore, no attempt has previously been nun e to < 

Lh subjects into blood pressure groups (norn.nl, sj* ^ 
sion, diastolic hypertension) and to study the. incidence o ad ^ 
in old a-e It is realized that differentiation on the. basis of Hood 
pressure levels alone is purely arbitrary, but the value of such a classi- 
fication, when it is correlated with life expectancy studies for the 

respective groups, is apparent. 

For the purpose of this study an analysis was made of the blood 
pressure levels of one thousand male subjects, all of whom were roiii ed 
seamen between the ages of 60 and 95 years. The age distribution oi 
the group was fairly uniform throughout this period. The mariners 
were* residents of Sailors Snug Harbor, an institution open to seafaring 
men who lack financial support, are unemployed because of the infir- 
mities of old age, or arc incapacitated by disease or injury, i lie* ma- 
jority of these men were of Scandinavian descent. Their social habits 
had been relatively uniform; almost all of them had used alcohol 
moderately or in excess. Most of the subjects had been exposed to 
diseases that arc prevalent all over the earth. The nature of their 
former occupation and recreation differed sharply from Ilia! of (lie 
sedentary urban groups who have been analyzed in other studies. In- 
asmuch as these men may he regarded as of a relatively “pure strain” 
with respect to racial and environmental factors, and were otherwise 
unselected, they seemed ideal for a study of the relationship between 
arterial pressure and life expectancy. 

The measurements were made during routine morning rounds, with 
a mercury manometer, by Hie auscultatory method. The level at the 
beginning of the fourth phase was taken as the diastolic pressure. 
Emotional factois were minimal, and the subjects wore accustomed to 
having their blood pressure measured. 

RESULTS 

lable I shows the effect of age upon average Wood pressure The 

^stolw rose from 147 mm. in the 60- to C4.year.old group to JliO 

m the 85- to 95.year.oId group. The pulse pressure increased from 

]itflT« °T 11,0 l’™'- The diastolic pressure varied 

little after the age of 65 years. 


Table I 

Average Blood Pressure in Old Age 


AGE 

(years) 

number 

SYSTOLIC 

OTASTOLIC 

dulse 

C5-G9 

70-74 

75-79 

80-84 

85-95 

120 

201 

157 

248 

170 

104 

147 

is:; 

154 

350 

357 

160 

82 

SO 

85 

80 

85 

80 

05 

07 

09 

70 

72 

74 
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Table II sliows the relation between age and blood pressure levels. 
All blood pressures below 150/95 were classified as normal; when the 
systolic and diastolic levels exceeded 150/95, diastolic hypertension was 
said to be present, whereas systolic pressures above 150 nun. with 
diastolic pressures under 95 nun. were regarded as indicative of sys- 
tolic hypertension. It is seen that the percentage of “normals” de- 
creased from 67 per cent in the 60- to 64-year-old group to 34 per cent 
in the 85- to 95-year-old group. Of the one thousand subjects, slightly 
less than half had blood pressures of 150/95 or less. The incidence 
of systolic, hypertension rose progressively with age from 17 per cent 
to 38 per cent, and, of the entire group, more than one-quarter had 
this type of blood pressure elevation. On the other hand, the incidence 
of diastolic hypertension seemed to rise more slowly with age (16 per 
cent to 28 per cent), and those who manifested it comprised less than 
one-quarter of the entire group. Of the one thousand subjects, there- 
fore, it can be said that approximately two in four were “normals,” 
one in four had “systolic hypertension,” and one in four had “di- 
astolic hypertension.” Actually, however, the commonest type of blood 
pressure elevation was systolic hypertension; it was present in more 
than one-third of all the subjects over the age of 75 years. 


Table II 

Percentage Incidence of Normal axd High Blood Pressure Levels ix the Aged 

(1,000 Subjects) 


AGE 

(YEAR S) 

00-04 

(120) 

05-09 

(201) 

70-74 

(157) 


S0-S4 

(170) 

S5-95 

(104) 

00-95 

(1,000) 

XORMAL 

(49G) 

07 

54 

52 

39 

mm 

34 

49.0 

SYSTOLIC 

1IYPERTEXSIOX 

(270) 

17 

24 

H 

36 

3S 

3S 

27.0 

DIASTOLIC 

HYPERTENSION 

(22S) 

10 

oo 

i 

I 22 

i 


22 

2S 

22. S 


In Table III an analysis is made of the variations in “normal” blood 
pressure with age. It is seen that in the four hundred and ninety-six 
subjects in this class the average normal systolic pressure rose from 
132 mm. in the 60- to 69-year-old group to 136 mm. in the 80- to 95- 
year-old group. It has been stated by others that this rise is not the 
result of changes in normal pressure (120 mm. or less), but shows that 
prehypertensive levels were included in the normal group. Neverthe- 
less, in this study, the incidence of normal pressure (in the restricted 
sense) decreased with age, whereas the incidence of upper levels of 
normal showed a corresponding rise. This strongty suggests that, 
among elderly persons, all levels of normal systolic pressure tend to 
increase with advancing years. In sharp contrast, the average normal 
diastolic pressure decreased slightly with age, and the incidence of 
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Table 111 

ANALYSIS ok Trends JX Normal Group 
(4110 SUBJECTS) 


AGE ] 
(YEARS) 

AVER- 

AGE 

(MM.) 

SYS 

110 

OR I.ESS 

TOUC 

120 

OR BESS 

140-150 

i AVER- 
AGE 
(MM.) 

DIASTOLIC 

70 ) 

OR BESS | 

J 

90-95 

rri.sE 

PRES- 

SURE 

60-C9 

70-79 

80-95 

132 

134 

13G 

11% 

s% 

4% 

30% 

20% 

20% 

22% 

30% 

34% 

7S.3 

77.1 

70.0 

35% 1 

44% 1 

49% ! 

11% 

12% 

12% 

i) 1 

57 

1 fid 


On the assumption that the subjects of this study were a reiiresenta- 
tive sample of the many who preceded them at Sailors Snug Umlmr. 
an analysis of three hundred sixty-two consecutive, deaths was un- 
dertaken, and the cases were classified according to blood pressure 
levels and age at death. By comparing the incidence of the various 
levels of blood pressure in the living with that of the same levels 
among those who had died, it was possible to relate expected and 
actual mortality (Table TV). 


Tabu: IV 

Life Expectancy in the Aged* 


AGE 

| 00-04 | 

| 05-09 

70-74 

75-79 | 



00-95 

NORMAL 

m 

1 

—i 

o 

-15 

-10 

■ M 

- 0 | 

-10 

SYSTOLIC 

HYPERTENSION 

S3 

- 8 

0 

■ 

- 3 

-13 

- 7 

DIASTOLIC 

HYPERTENSION 

+02 

+30 

i 

+«J() 

1 

B 

4 20 

+25 

4.52 


•Percentage variation from unexpected mortality. 


DISCUSSION 


Considerable interest has been aroused by the contention of Kobinsmi 
and Brucer® that systolic pressure in excess of 120 mm. is “in the zone 
of hypertension,” and that anything above this level is attended by 
an abrupt rise in mortality rate. Although this index of prognosis 
may he accurate for younger adults, the clinician has long been aware 
of its inadequacy in predicting life expectancy in (lie aged. As pointed 
out by Fmeberg, 11 elevation of the systolic pressure, with a normal or 
ow diastolic pressure, is found among aged persons who arc compar- 
atively free from the signs and symptoms of cardiovascular disease. 
The tact that this form of hypertension does not influence the health 
° f tl ! C patient was commented upon more rocentlv 

i:? a- ge 

this type of blood pressure elevation is benign was based' merely on 
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clinical impression, but additional support is furnished by the analysis 
in Table IV. The latter expresses actual mortality for the respective 
age-blood pressure groups in terms of percentage variation from ex- 
pected mortality. The figures are based on the ratio of actual to 
expected deaths in each group. The expected mortality was derived 
from the incidence of the various blood pressure levels in the living 
subjects. The actual mortality was calculated from an analysis of 
three hundred sixty-two consecutive deaths prior to 1940. Com- 
parison of these figures is believed justified in Anew of the uniformity 
of the groups under consideration. It is clear that the life expectancy 
of the subjects with systolic hypertension is strikingly similar to that 
of the subjects with normal blood pressure, but the prognosis of dias- 
tolic hypertension is very different. Consequently, life expectancy in 
the aged would seem to be definitely related to the diastolic blood 
pressure, rather than to the systolic. 

Systolic hypertension in old age is commonly regarded as a conse- 
quence of diminished elasticity of the aorta and its large branches, and 
is usually associated with marked arteriosclerosis of these vessels. 13 
As a result of loss of distensibility of the vessel wall, the arterial pres- 
sure becomes elevated above normal with each ventricular systole. At 
the same time, diminution in the elastic recoil of the aorta tends to 
produce a lowering of the diastolie pressure, with a further increase 
in the pulse pressure. This effect in some instances is counterbalanced 
by the widening and elongation of the aorta which are frequently 
observed in old age. Wiggers 14 is of the opinion that, in some cases, 
systolic hypertension may actually represent long-standing diastolic 
hypertension complicated by sclerosis and rigidity of the aorta. In 
fact, when the heart is enlarged it is generally impossible to exclude 
the possibility that diastolic hypertension may have been present pre- 
viously in these aged subjects. On the other hand, the frequent asso- 
ciation of a small heart and marked arteriosclerosis of the aorta, as 
well as the much more favorable life expectancy in this group, strongly 
suggests that systolic hypertension in most instances originates as such, 
and has its own distinct mechanism. Fahr and Davis, 15 furthermore, 
have shown that increased rigidity of the arterial system, without an 
associated decrease in internal diameter, does not impose an added 
burden upon the heart. 

It is worthy of emphasis that “normal” systolic pressure increased 
with age, whereas “normal” diastolie pressure showed a tendency to 
fall. The alteration in blood pressure produced by arteriosclerosis, 
therefore, is manifested not only by an increased incidence of systolic 
hypertension with age, but also by changes in pulse pressure even in 
normal persons (Table III). Robinson and Brucer 9 admitted that they 
were unable to explain the rise in blood pressure that occurred with 
age in 10 per cent of subjects whose systolic levels were less than 120 
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mm. Study of the elderly subjects at Sailors Snug llarboi iei c. 
an increase in “normal” systolic pressure with age, regardless of 
whether the upper limit of normal ivas taken as 350 mm or any level 
below this figure. This rise in pressure was considerably less, hovvev co , 
than that for the group as a whole, obviously because in the latter 
there was an increasing incidence of hypertension with advancing age. 

Robinson and Brueer 9 excluded from their study all patients with 
systolic blood pressures above 140 mm. They originally considered 
this as the upper limit of normal mainly because average blood pres- 
sure did not increase with age when higher levels were discarded. 
This eliminated only 13.3 per cent of their entire group, which in- 
cluded subjects from 15 to more than 80 years of age. As ahead} 
mentioned, the number of elderly subjects in their series was relatively 
small. If such a procedure were applied to this study, in which all ot 
the subjects were over sixty years of age, 64 per cent of the entire 
group would have been eliminated. A similar percentage would have 
been involved in the old age groups studied by Miller - ’ and Willius!” 
Furthermore, if Robinson and Brueer ’$ revised definition of normal 
blood pressure (3.20 mm. or less) were applied to these aged seamen, 
only 13 per cent of the entire group could qualify as normal ! 

In the light of present knowledge, it is impossible to accurately state 
at what level physiologic pressures merge into pathologic ones. If by. 
normal pressure one means levels consistently compatible with a long 
and healthy life, then so-called systolic hypertension in the aged should 
be included in this category. In the elderly patient with a blood pres- 
sure of about 170/70, with no cardiac enlargement or other manifesta- 
tions of cardiovascular disease, the combination of elevated systolic 
pressure and low diastolic pressure may be regarded as physiologic. 
Although there is increasing evidence that arteriosclerosis is a disease 
rather than a degenerative change, it cannot be denied that the process 
of aging may leave its mark upon the vessels as well as the hair, skin, 
skeleton, and other structures. The repeated stretching and recoil of 
the arterial wall and the inherent tendency for elastic tissue to deteri- 
orate with age may be the factors which underlie systolic hypertension. 
At any rate, it is far more accurate to regard the latter as “normal” 
than to identify it with diastolic hypertension, as insurance statistics 
inadvertently have done. 

Although it is suggested that a relatively high systolic pressure may 
be regarded as physiologic in old age, the reverse holds true for dias- 
tolic pressure. Although 64 per cent of the entire group had systolic 
pressures above 140 mm., only 30 per cent had diastolic pressures in 
excess of 90 mm. In the “normal” group the average diastolic pres- 
sure was only 77 mm. The average diastolic pressure for normals and 
systolic hypertensives combined (77.2 per cent of the entire group) 
was 18 mm. The average diastolic pressure for all the subjects was 
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85 mm. These data seem to support the view of Robinson and Brueer 9 
that the upper level of normal diastolic pressure has in the past been 
set too high. 

This study has dealt with the arteriosclerotic type of systolic hyper- 
tension. Among other causes for elevation of the systolic pressure, 
with normal or low diastolic levels, are hyperthyroidism, aortic insuffi- 
ciency, and heart block. The latter conditions are obviously associated 
with increased mortality rates, so that their inclusion in a study of the 
arteriosclerotic type would greatly alter the life expectancy figures 
for this group. The fact that other studies have not made this dif- 
ferentiation may explain the poor prognosis often given to this form 
of hypertension. 

SUMMARY AND CONCLUSIONS 

A statistical analysis of the blood pressure levels of one thousand 
male subjects, all retired seamen between the ages of 60 and 95 years, 
is presented. The variations in blood pressure and the inferences drawn 
therefrom are as follows : 

1. Average systolic pressure and pulse pressure increase appreciably 
with age, whereas average diastolic pressure shows little variation after 
the age of 65 years. 

2. The incidence of “normal” blood pressure (150/95 or less) falls 
markedly with age. Less than half of the subjects fell in this group. 

3. Normal systolic pressure shows an increase with age, regardless 
of whether the upper limit is set at 150 mm. or at any figure below this 
level. All levels within the range of noi’mal seem to participate in this 
change. 

4. Normal diastolic pressure shows a tendency to fall with age, and 
the number of subjects with low diastolic pressures (70 mm. or less) 
increases correspondingly. 

5. Arteriosclerosis not only increases the incidence of systolic hyper- 
tension with age, but also produces an increase in pulse pressure among 
subjects with normal blood pressure. 

6. More than one-quarter of all the subjects and more than one-third 
of those over the age of 75 years had systolic hypertension. 

7. A study of the ratio of actual to expected mortality revealed that 
the life expectancy of those with systolic hypertension was of the same 
order as for those with normal pressure. Diastolic hypertension, on 
the other hand, carries a much more unfavorable prognosis. 

8. The life expectancy in this group was related to the diastolic, 
rather than to the systolic, pressure. 

9. The incidence of diastolic hypertension increases more slowly with 
age ; it was found in less than one-quarter of the entire group. 

10. Normal diastolic pressure, as well as average diastolic pressure, 
was comparatively low, and it -would seem that the upper limit of nor- 
mal has in the past been set at too high a level. 
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11. The clinical course and life expectancy of patients with systolic 
hypertension strongly suggest that the latter originates as such, and 
has its own distinct mechanism. 

12. For practical purposes, the clinician may regard systolic hyper- 
tension ill the aged as “normal . ” Future study of the nature of athero- 
sclerosis may reveal that it is physiologic in old age. 

13. Finally, if 120 mm. represents the “true” upper limit of normal 
at any age, only 13 per cent of this group could be classified as normal. 

The author wishes to express his appreciation to Dr. Wm. Y. Hollingsworth and 
Dr. Ernst P. Boas for helpful criticism in the preparation of this paper. 
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THE COMBINED USE OF STROPHANTHIN-K AND DIGITALIS 
IN THE TREATMENT OF CONGESTIVE HEART FAILURE 

A Preliminary Report 

John E. Garcia, M.D., and Bernard A. Goldman, M.D. 

New Orleans, La. 

T HIS study was undertaken to ascertain the effects of the combined 
use of strophanthin-k and digitalis on patients with congestive 
heart failure, and to demonstrate the degree of effectiveness and 
safety of this treatment. Brams, et al., 1 working with strophanthin 
alone, demonstrated that it was safe, and obtained therapeutic effects 
comparable to those of digitalis. The proper method of digitalization 
after the administration of strophanthin-k has never been satisfactorily 
established. Batterman, et ah, 2 combined the use of ouabain, which 
is closely allied to strophanthin-k, and digitalis, and gave six to eight 
cat units initially, followed by a maintenance dose. Preliminary obser- 
vations convinced us that full digitalization was necessary to effect a 
maximum response. Consequently, the patients in this series were 
completely digitalized after the initial dose of strophanthin. 

Strophanthin-k is a relatively new therapeutic agent, and is not to be 
confused with strophanthin-g, or ouabain. Strophanthin-k is an amorph- 
ous glycoside derived from Strophanthus hombc: strophanthin-g is a 
crystalline glycoside derived from Strophanthus grains. The crystalline 
strophanthins have greater toxicity and, consequently, a smaller ther- 
apeutic range than the amorphous strophanthins. 

When strophanthin-k is given intravenously it acts within a few 
minutes, and is almost wholly excreted within twenty-four hours. Digi- 
talis, on the other hand, is slow in action, and its rate of absorption 
and excretion is prolonged. These properties of the two drugs con- 
stitute the rationale of their combined use, for, as the action of strophan- 
thin begins to wane, the digitalis begins to exert its maximum effect, and 
becomes the cardinal therapeutic agent. 

The eases selected for study included patients with acute or chronic 
heart failure, irrespective of cause, who had not previously received 
digitalis for a period of at least ten days. The symptomatic and sup- 
portive care was uniform, and consisted of rest in bed, sedatives, oxygen, 
ammonium chloride, and a soft, salt-free diet. In addition to clinical 
evidence of failure, the exact cardiac status was ascertained by meas- 
urement of the venous pressure and the recording of electrocardiograms 

From the Departments of Medicine of the Louisiana State University School of 
Medicine and the Charity Hospital of Louisiana at New Orleans. 

Received for publication July 22, 1942. 
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GARt'IA AND COJ.DMAN : STKoPMAXTItlN-K AND 1M01TAUS 


2:1 

months, and followed thyroidectomy. The absence of definite mid more 
immediate bradycardia suptrcsts the possible necessity of pi vine a 
torpor initial dose of strophanthiudc. 

The rapidity of vceowry. particularly of the lie lit side of the heart, 
was the most strihimr and dramatie feature. Iloth elinieal and objective 
observations demonstrated the effectiveness of (he combined use of 
strophanthin-h and diirttalis in this respect. It is our belief that full 
digitalization after pivinp stmpliantliin played a major role in effectual 
this rapid result. 

roNei.rstoNS 

1. The use of strophanthin-lc and diiiitalis in combination is safe and 
eflieient. 

2. Full digitalization after pivinp stmphanthin is essential. 

o. Patients with corniest ivo heart failure usually reeover rapidly 
when this form of therapy is used. 
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AORTIC REGURGITATION 




In six of (lie eleven coses on which this report is lxiwil Hie cliosiolie. 
, mu-nun « preceded liy , short systolic sortie murmnr, ™1, •" 
instance, there was a systolic thrill in the aortic area. 1 he diastolic 
murmur was the striking physical sign in all cases. 

Our interest in so-called functional aortic regurgitation was aroused 
by (1) our observation of elderly patients who appeared to have aortic 
regurgitation which we hesitated to designate as syphilitic because of 
their repeatedly negative blood Wassermann and Kahn reactions, and 
(2) by our observation at necropsy, in such cases, of changes m the 
aortic leaflets which were different from the ordinary lesions of syphilis, 
rheumatic fever, and atherosclerosis. 



Fig. l. — Case 2. Various types of central, free-marginal sclerosis, enlargement of 
the sinuses of Valsalva, dilatation of the aortic ring, and widening of the commis- 
sures by separation of the leaflets, in an aged, hypertensive patient with non- 
syphilitic aortic regurgitation. Note irregular thickening and lipping of the endo- 
cardium in the mid-portion of the posterior (middle) leaflet. The posterior sinus 
is enlarged. The right anterior sinus (/?) is ballooned by cotton; the corpus arantii 
of the right leaflet has disappeared; the mid-portion of the free margin of the leaflet 
shows a crescentic indentation and is indurated; the process Is terminated on each 
side by a bicornate sclerotic projection (small arrows). The left anterior leaflet 
shows a small, centra!, rodlike thickening of the free margin, 0.$ cm. long. The 
lateral portions of all leaflets are normally delicate, but somewhat elongated. They 
have been stretched apart, leaving a furrow at the third commissure (A'). There is 
no calcium or atheroma in this aortic valve and scarcely anv atheromatosis in the 
aortic arch. 


This lesion is a sclerotic thickening confined to the mid-portion of the 
free edge of the aortic leaflets. It is essentially a loss and a fibrous 
replacement of the original corpora arantii, without involvement of the 
lateral portions of the free margin of the leaflet or of 1 he body of the 
leaflet, except insofar as marked central involvement necessarily extends 
some distance toward the periphery. In some instances, the sclerotic 
thickening may extend from the mid-point almost throughout the entire 
length of the free edge of the leaflet. The commissures are not involved, 
except occasionally in a peculiar way, as indicated later. 
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GOUIjEV and SICKEU: AORTIC REGURGITATION 

. . definitely established, for the 

two of our eleven cases this cou • jj . dilatation 

circumference of the ring did not ^ in all 

of the root of the aorta, including the '] contimlous 

eleven cases. Although, in most instances, hl<rlv nbrupl| 

with the dilatation of - — in a sac- 
cular^ onion-sliaped "dilat ation , resembling an an^sii^ Ot emu^, iio 

— d ‘"" “ e«mo C nl, To't I *- 

case in which the -ic 
circumference was considered lo lie within normal limits: the am i lie 
leaflets were elongated lo cover the enlarged aortic lumen. Eventually 
they became incompetent. 



Fig. 3 . — Casp 4. Same as Fig. 2. but enlarged to show more clearly the normal 
commissures arid the bicornate lesions. Half of the left anterior leaflet, its sinus, 
and tlie adjacent aorta have been cut away. Commissure 3 is also missing. 


It was clear, therefore, that aortic insufficiency existed in the entire 
group; in most instances it was secondary to dilatation of the aortic 
valvular ring, but occasionally to supravalvular aortic dilatation that 
involved the sinuses. In view of this, and in the absence of typical 
valvular lesions of rheumatic and syphilitic heart disease, we tenta- 
tively spoke of this type of aortic insufficiency as “mechanical regur- 
gitation.” 

As mentioned above, the sclerotic thickening of the valve leaflet did 
not extend into the commissures. However, we noted in some cases that 
the commissural junction, which normally is little more than a point 
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reached by the two adjacent portions of adjoining leaflets, was widened, 
not by fibrosis and edematous swelling, as is so often the case in syph- 
ilitic valvulitis, but by a pulling apart of the adjoining margins of the 
leaflets. The free margins in their lateral portions remained normally 
sharp-edged and appeared, if anything, lengthened, but the commis- 
sural junction became an actual space 2 or 3 mm. wide ; it consisted of a 
depression without scarring, and resembled a furrow created by the 
tearing of normal attachments (Fig. 1). When this situation existed, 
there was an associated valvular insufficiency of marked degree. 



Fig-. 4.— Case 3. Central thickening along the free margins of the aortic leaflets, 
with normal commissures. No evidence of syphilis. Close inspection (aided by hand 
lens) of the right anterior leaflet (It) reveals early notching of the central, tree- 
marginal lesion. The posterior (middle) leaflet shows more extensive sclerotic 
lipping of the free margin. Note slight degree of arteriosclerosis in the aorta. 

The central marginal lesions occasionally occur in aortic leaflets 
which are the seat of lateral fenestrations. These fenestrations ordi- 
narily do not cause aortic regurgitation, for they are above and beyond 
the line of closure of the leaflets; Rare exceptions have been recorded, 
but without unusual valvular lesions. 3 ’ 10 We have seen, at necropsy, 
definite fibrous central thickening of the leaflets (Fig. 5) ; the thicken- 
ing extended laterally along the lower border of the fenestration. The 
aortic ring in such a ease is markedly dilated. 

“Mechanical regurgitation ” and syphilis are not infrequently asso- 
ciated. Some hypertensive patients with moderate aortic regurgitation, 
similar clinically to the type herein discussed, have a positive blood 
Wassermann reaction. The valvular insufficiency may remain surpris- 
ingly stationary or sometimes be intermittent, thus presenting an inter- 
esting problem. Hypertension might be expected to accelerate the 
rapid course of syphilitic aortic regurgitation. 
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Wo have seen patients will, aortic vcgm-gHatioii "' llc ' 
svpliilitic aortitis, but did not have the class, e 1«K>» « > 9 > . 

regurgitation, namely, widening and scarring ot the sahnlai eon 
sm-es In some eases -commissuritis” was cnt.rely absent, and n 
others, so slight as to be insignificant. The leaflets did not show 11 e 
characteristic shrinkage and retraction. The on j 0 ! '.'°" s '' '. 

lesion associated with the regurgitation was a sclerotic, bicoinata 
cning or lipping of the mid-portion of the free margins of the leaflets. 
Regardless of whether this was prominent or only moderately dot eloped, 
the aortic ring was dilated and the sinuses were enlargcc . 



Fig. 5. — This case is not included in the series herein reported because of the 
obvious extension of syphilitic aortitis into two of the commissures, A and C. 
Commissure B is also widened, but stretching by dilatation of the aortic ring may 
have been a factor. The lateral portions of each leaflet are delicate, showing no 
marginal extension of sclerosis. The lateral fenestrations remain unchanged. The 
central portion of each leaflet is thickened ; the corpora arantii are replaced by (1) 
a shield in the right anterior and the posterior leaflets, and (2) a bicornate lesion 
in the left anterior leaflet. The aortic ring is widened (circumference, 10.0 cm.), 
and there is even greater widening of the root of the aorta. From a case of 
syphilitic heart disease, with inconstant aortic regurgitation ; the murmur disappeared 
and reappeared over a period of six years. 


Three of our eleven patients had positive blood Wasserniann reac- 
tions. At necropsy, two of these had syphilitic aortitis without com- 
missural lesions. The third patient showed no gross evidence of aortitis 
or commissural involvement. Other eases have not been included in our 
series because there was undoubted extension of the syphilitic process 
into one, or possibly two, commissures. However, the dilatation of the 
aortic ring and the characteristic central marginal lesions were so out- 
standing as to indicate that, even with commissural thickening the 
aortic regurgitation was the result of more than one factor (see Fig. 5). 
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Vertical section through the central part of the leaflet usually re- 
vealed the central lesion at the free margin as a round, sometimes 
ovoid-shaped, nodule of dense fibrotie tissue. In some eases the appear- 
ance of the nodule suggested that it was the result of repeated con- 
centric lamination of thrombotic material, long since hvalinizod. ho 
acellularity was striking except at the extreme distal end and for a 
short distance on the aortic aspect of this extremity. Here there was a 
small number of histiocytes and fibroblasts beneath a slightly roughened, 
occasionally broken, endocardial surface. Scarcely any deposition ol 
fibrin was noted in numerous serial sections. A very small area of pro- 
gressive inflammation was apparent at the most distal part of the lesion, 
in contrast to the normal state along the length of the leaflet. This 
small area faced the aortic, rather than the ventricular, aspect, which 
differentiated it from verrueae of infectious origin, and suggested that 
pressure was exerted from above downward, rather than from the ven- 
tricular direction. 



afnech IvV"? ? f a at normal F !fortic Sean^t K,1 ( °j' n S free-'nnrKinnl sclerotic nodule 
aspect. tVeigert elastic stain. u > Aoitic aspect: (V) ventricular 

Additional Clinical Data —Ton nf on,. 

There were six white patients and five Ne-ra« Th^"i" T*' 

more; the oldest was 72 years. ycars o{ a S e «>' 
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Summary . — Hypertensive heart disease; hypertrophy and dilatation, especially of 
the left ventricle; and aortic insufficiency of the "mechanical” type. 


Case 2.— C. I., a white man, aged 70 years, was seen l»v one of us (E. S.) on 
Jan. 1, 1933, in tho Paul Kimball Hospital, at Lakewood, N. J. The patient, had 
a sudden attack of dyspnea which was a repetition of similar, hut. milder, attacks 
that had been occurring for several months. Examination revealed auricular fibril- 
lation and a diastolic murmur at the third left intercostal space. The blood pres- 
sure was 175/80. The blood Wnsserninnn reaction was negative. Fluoroscopic 
examination revealed enlargement of the left ventricle and a prominent aortic 
knob. The patient was discharged Jan. 9, 1933, with a diagnosis of hypertensive 
cardiovascular disease, but was readmitted Feb. 2. 1935, because of recurring 
dyspnea. The physical signs were as previously noted. The diastolic aortic, murmur 
was pronounced, but limited to the third left intercostal space close to the sternum. 
The blood pressure was 1G0/45 and the pulse was of the Corrigan type. The pa- 
tient left the hospital, improved, on March 19, 1935. It was decided later that 
syphilis was the probable cause of the aortic regurgitation, and, beginning in May, 
1935, the patient received bismuth injections weekly for two months. 

He was rehospitalized Nov. 19, 1935, because of circulatory failure; at this time 
the blood pressure was 13S/45. The blood Wnsserninnn and Kahn tests were again 
negative. Death occurred Doc. 12, 1935. 

Necropsy revealed that the heart weighed 5G0 grams. The left ventricle was 
hypertrophied and dilated. The aortic valve was 7.S cm. in circumference, the 
mitral, 10 cm., the tricuspid, 11.5 cm., and the pulmonic, S.5 cm. Each aortic leaflet 
showed a central thickening of the free margin, consisting of irregular endocardial 
sclerosis. This was most pronounced in the posterior leaflet, where it extended 
along the free margin for 2.0 cm., and it spread down on the adjacent undersurface 
of the leaflet for 0.5 cm., forming a hard, protruding lip (Fig. 1). The central 
thickening of the right anterior leaflet was less prominent, but was marked by a 
small bicornate protuberance. In the left anterior leaflet the central lesion was 
a short, horizontal, rod-like thickening, 0.S cm. long. The lateral portions of the 
free margins were normally delicate throughout. Commissure 3, the junction point 
of the adjacent portions of the posterior and left anterior leaflets, was widened, 
not by swelling or scarring, but apparently by a slight depression, suggesting that 
the lateral portions of the adjoining leaflets had been pulled away from each 
other. There was no calcific or sclerous thickening (arteriosclerosis) at the base 
of the aortic leaflets. Likewise, there was very little atheromatous or sclerotic 
degeneration in the aortic arch. 


Case 3. — C. M., a colored woman, who said she was 45 years of age, but appeared 
much older, was admitted on the service of Dr. D. Ricsman, Sept. 10, 1935, complain- 
ing of shortness of breath and swelling of the legs and abdomen of three months’ 
duration. 


Examination revealed prominence of the neck veins and a blood pressure of 
100/75. The heart was enlarged to the left; the apex was palpable beyond (be 
midclavieular line in the fifth intercostal space. A loud, basal, diastolic murmur 
was heard behind the upper part of the sternum; its transmission was limited 
to the third left intercostal space. 

Basal pulmonary congestion, hepatic enlargement, and edema of . the legs were 
present and remained unaltered despite rest in bed and digitalization. 

tiotf were^noted UlSC ^ 1,0 ° thCI ' pcriphcral ^ °f «°rtic regurgita- 

Th p T! lr bl °i d v VaSSC - mann rGaCti0n ,,0gUtiv °- ^ occurred Sept. 19 1935 
The clinical diagnosis was syphilitic heart disease with aortic regurgitation.’ ' 
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The patient was readmitted to the medical service of Dr. S- Locw enberg, June 
20 1940, with paroxysmal dyspnea and cardiac decompensation, lie had auricular 
fibrillation and signs of aortic valvular disease, as outlined above. The serologic 
reactions were again negative. He was readmitted Oct. 30, 1040, with recurring 
decompensation. Ilis blood pressure then was 180/70. Attacks of substernal pan. 
were relieved by nitroglycerin. Systolic and diastolic thrills were again palpable 
over the base of the heart, and a double aortic murmur was heard ; the diastolic 
murmur was strikingly harsh and prolonged. The Wassermann reaction remained 
negative. 

On his sixth and final hospitalization (service of Dr. Wm. Lcaman, May 3, 1941) 
the blood pressure was ISO/liO. The physical signs were unchanged. On each 
previous admission the diagnosis had been syphilitic heart disease with aortic re- 
gurgitation. The diagnosis now became doubtful because the serologic tests for 
syphilis had been consistently negative, and because the survival period was rather 
prolonged. Digitalization was of no avail, and the patient died of congestive 
failure on June 9, 1941. 


Necropsy (Dr. Conforth) revealed marked hypertrophy of the left ventricle. 
The heart weighed 700 grams. The myocardium was firm, 2S mm. thick in the 
upper part of the left ventricle, and revealed no focal scarring or necrosis. The 
coronary arteries were patent throughout, showing little sclerosis. The aortic valve 
leaflets were enlarged because of marked dilatation of the root of the aorta. The 
central portions of the free margins of the leaflets were thickened and lipped. The 
right aortic leaflet, in addition, was everted almost its entire length. Commissures 
1 and 2 were normal; in 3 the component leaflets (posterior and left anterior) were 
about 2 mm. apart, evidently having been pulled away from each other. There was 
no evidence of syphilitic aortitis. The circumference of the aortic ring was 8.0 
cm., but, as a result of a remarkable, saccular, onion-shaped dilatation of the root 
of the aorta, the aortic circumference on the line of the commissural attachment 
was 12 cm. There was a difference of at least 4 cm. in the circumference of the 
aorta at this level and at the aortic ring. 


DISCUSSION 

We were unable to include this type of aortic regurgitation in the 
current classification of valvular disease. We wish to emphasize that 
these aortic valvular lesions may develop in any heart in which the 
aortic valvular ring has dilated; therefore, they are devoid of etiologic 
significance. We have noted them even in young and middle-aged pa- 
tients with rheumatic heart disease, but always in Die presence of a 
dilated aortic ring. This report is concerned primarily with the usually 
elderly hypertensive persons whose aortic regurgitation remains etio- 
logically a matter of doubt, and who constitute a group which is en- 
tirely different from that of typical aortic insufficiency of infectious 
origin. The possible importance of arteriosclerotic degeneration as an 
etiologic factor in such cases must he considered. Osier, who described 
“arteriosclerotic” regurgitation, 2 thought that the lesion was similar to 
that of chronic endocarditis. Today we know that the aortic valvular 
lesion caused by arteriosclerotic degeneration is characterized by (1 ) 
calcareous infiltration beginning at the bases, and later involving the 
bodies °f the leaflets, the corpora arantii, and the sinuses, and (2) by 
the yellow, opaque, subintimal infiltration of atheroma. The lesions of 
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regurgitation and of healed dissecting aneurysm with aortic regurgita- 
tion which not infrequently are regarded as syphilitic because of the 
deceptive gross appearance. 13 The serologic reactions are thus of great 
importance in the analysis of these eases. We now believe that aortic 
regurgitation in untreated patients more than 50 years of age should 
not he considered syphilitic if the blood Wassermann and Kahn reac- 
tions are repeatedly negative. This single criterion appears to be re- 
liable regardless of the patient's race or occupation, or any other factor 
that may ordinarily influence the diagnosis. The presence of auricular 
fibrillation in a case of aortic regurgitation in which the sciologic leac- 
tions are negative almost certainly indicates that the lesion is not syph- 
ilitic. When “mechanical 1 7 regurgitation is accompanied by positive 
serologic reactions (a minority in our group), the diagnosis will remain, 
in most instances, an enigma until the day of necropsy. However, the 
presence of a loud, snapping aortic second sound, in addition to the 
diastolic aortic murmur, is suggestive of dilatation of the aortic ring, as 
pointed out by Scott. 1 '* 

SUMMARY 


Some persons, mostly men beyond middle age, exhibit signs of aortic 
regurgitation which is not caused by syphilis, rheumatic heart disease, 
bacterial endocarditis, or arteriosclerotic degeneration. Hypertensive 
cardiovascular disease is usually present. 

This type of aortic regurgitation may be unaccompanied by most of 
the peripheral phenomena which are characteristic of aortic insufficiency 
of infectious origin. The diastolic murmur is usually merged with an 
accentuated aortic second sound. Patients with this lesion eventually 
die of congestive heart failure. Precordial pain is infrequent. Auricular 
fibrillation is common. * 


Dilatation of the aortic ring is present in most cases. Occasionally, 
only supravalvular dilatation of the aortic arch occurs. In all cases the 
aortic leaflets appear insufficient to meet the need of increased coverage. 
They often show compensatory elongation. Depending on the length of 
the survival period, there is a variable development, of structural 
changes in the aortic leaflets; this is apparently secondary to the dilata- 
tion of the aortic ring and is brought about by the eroding action of 
slow leakage. The change consists of a sclerotic thickening of t he mid- 
portion of the free margin of the leaflet, without involvement of the 
commissures. The latter, however, may be slowly pulled apart in the 
course of marked ring dilatation. Bicornatc lesions and sclerotic lipping 
m the mid-portion of the free margins of the leaflets are characteristic 
of this type of regurgitation. 

Syphilis may coexist in some cases; it may cause aortitis without in- 
volving the aortic valvular structure. Occasionally there may be both 

syphilitic aortic 
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THE ROUTINE USE OP CEDILANID IN CLINICAL PRACTICE 

Aaron E. Parsonnet, M.D., and Arthur Bernstein, M.D. 
Newark, N. J. 


E VER since Withering, first broke down the herb medicine of the 
village witch and discovered that it was the foxglove which acted 
upon “the dropsy,” research workers all over the world have been 
attempting to break up digitalis into its active ingredients. One gly- 
coside after another, each supposedly free of toxic effects, lias been 
isolated and recommended as the active principle of digitalis, dhese 
claims, however, have never been substantiated clinically, and the per- 
fect cardiac drug has remained the will o’ the wisp of the cardiologist. . 
Therefore, when Stoll 1 isolated a glycoside from Digitalis lauata which 
differed from any of those in the Digitalis purpurea group, a new in- 
centive was given to this search for the drug of choice in heart failure. 
This new glycoside has been called Lanatoside C, or Cedilanid. 

To begin with, it is important to realize that the use of digitalis in 
the form of the whole leaf has marked disadvantages. The most im- 
portant of these, from the clinician’s point of view, is that there has 
never been a completely satisfactory method of assaying the prepara- 
tion so that any tablet of digitalis leaf will always produce the same 
result in any given case. Gold and his co-workers 2 proved this point 
by some excellent research which most clinicians had known about for 
many years. Their carefully controlled experiments showed that, al- 
though the cat method of bio-assay was more nearly parallel to the 
efficacy of the drug in man, the frog method, on the other hand, bore 
almost no relation to the action of the drug on the human heart. More- 
over, the cat method cannot be entirely relied upon, because patients 
take digitalis by mouth, and its glycosides are absorbed differently 
from various gastrointestinal tracts, whereas, in the cat method of 
assay, the drug is given intravenously, and absorption plays no role. 

For a long time we, like many others, have felt the need for a prep- 
aration the action of which in any given case would be known at all 
times, so that no matter where the patient bought his digitalis, we 
could expect a specific action from a given amount of the substance. 
In our cases we had used practically all of the previously isolated 
glycosides without much success. In reviewing the literature, we came 

upon the work done on Cedilanid and immediately became interested 
in its use. 

Experimentally it has been shown that this glycoside has a greater 
margin of safety than all the other Digitalis lanata glycosides, and at 
the sam e time, brings about greater cardiac efficiency . 3 It has also 


Prom the Medical Service of Dr. A. E. Parsonnet, 
Received for publication Aug. 19 , 1942. 


Newark Beth 


Israel Hospital. 


39 



40 


» ' vitt **> z; n ae 7 T' 

p«n*Z p ?T mim aad Z?Z Wr,mI "p££r, 

doses ri *cy foun r 7 f i ‘ toxic in n ' 1 ,)} e to -3siiiaJ 

° n tihuecl thoii ' ae tion w as ^dilnnid intv-, 

iZTi a,,d <=»«ci„t c f“- Czz s,rikh * ^SZZ y r d ft "« 

&?«< - f t: 

,. 11 biain tennrm , e ai ’'«u , e of ti, & digitali s f 0l , ^ eVG nty.fi Vp 

Stalls. J’; ,lce dosage; ti le 7 “ Unities 7, a ' 3 ’"* Peri „I ' 6 
‘“Wets „ f cel^e U^J?*”** X 

Method of r ■ md (7.5 to in C?0Se f or dddiJ had never f -i. 8 

^ifateiTw?™ 0 -' £ Ilf]) *“ U (oTo 

" ai 'ee dose Was , ,0 J « tablets f 5 J, 7 f °tai dose ,!fn ? d “«®ire 
<ent of the „! to 3 tablets I, ‘° 7 -« >»g.) mi, f Ce ®l“uM w „ 

'“ 05 ‘ odmirabV T, ‘' espoi ’dec, to I (0 ' 5 <° 1.5 ,„g; e a .'’ ei ' a Se malnfe. 
^sappes,. 1 • Tie usnal wi( ‘ ,le oral admiaist'^r-eight 
'■dofgemeot 1" ec! em a ia a f “‘' '"'Proven, “^° n <* Cedila„ lc 
f^'e, a ‘ d ° «• «ve,, eed^ '7 

‘■ twn beg a „ son 0ea! '*'o grapi..- 1 ,H,, se rate j f as mtes, and of 

Br % 

1 ® at iu certain 



PARSONNET AND BERNSTEIN : ROUTINE USE OF CEDIUANID 


41 


cases more than one glycoside may be necessary, or that some 0 Y 
side other than Lanatoside C may he the only one capable of act g 
under certain conditions. Only carefully controlled animal experi- 
ments can settle this question. 

Judging from our experience with Cedilanid, it has a definite place 
in the armamentarium of the cardiologist. It is true that in laige 
enough doses it will give the same toxic effects as Digitalis purpurea; 
nevertheless, the margin of safety is greater, and the rapid elimination 
of the drug diminishes the duration of the toxic symptoms. Finally , 
let us reiterate that once the dosage has been established, one need not 
worry about the possibility that each new prescription may be stronger 
or weaker, for we are dealing with a crystalline substance which is 
standardized by weight, and is therefore not subject to the variations 
of bio-assay. 

SUMMARY 


1. The pharmacology and chemistry of Cedilanid (Lanatoside C) are 
reviewed briefly. 

2. The oral preparation was found to be constant in its action in 
clinical practice. 

3. It was effective in ninety-eight of one hundred cases in which it 
was tried. No apparent cause for its failure could be found. 

4. In those cases in which Cedilanid was effective, its toxic action 
was similar to that of Digitalis purpurea, but passed off more quickly. 

5. Cedilanid is an efficient glycoside of Digitalis lanata, and has a 
definite place in cardiac therapy. 
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twenty times the radius a, the proximity effect will be less than 5 per 
cent. The requirement of an infinite extent of a single tissue cannot be 
met rigorously, and the effects of adjacent tissue have been calculated. 
It has been found that if each electrode is more than twenty times its 
radius from the nearest surface, the boundary proximity effect is less 
than 5 per cent for any conductivity of adjacent tissue from zero to 
infinity. 

If two electrodes are placed more than twenty times their radii from 
each other and from the boundaries, the cell constant should be within 
10 per cent of the value for a large separation in an infinite medium. 
For any particular organ or tissue these conditions can always be met 
by making the electrodes sufficiently small, but other difficulties may 
arise. The electrodes should not be as small as the tissue cells, for the 
measured resistance will then depend upon their position relative to 
the nearest cells. Furthermore, as the electrodes are made smaller, the 
pchirization impedance of the electrode surface increases more rapidly 
thai the measured resistance. A limit is then set by the efficacy of the 
platmization which can be obtained. In the case of a disc, the platini- 
zation near the center is not fully effective because the current density 
is much, lower there than it is near the edge. 

Equipment . — A portion of the work reported here was performed in 
the Electrochemical Laboratory and the remainder in the Heart Station. 
As regards essentials, the equipment was the same in both places. It 
consisted of a modified Jones and Josephs 8 bridge, which measured paral- 
lel resistance ( R p ) and capacity (C p ), a thermostat, a standard conduc- 
tivity cell of a design recommended by Jones and Bollinger, 10 an oscil- 
lator, and platinum electrodes of various types. The bridge used in the 
Heart Station differed from that employed in the Electrochemical Labo- 
ratory in that it had an amplifier in the phone circuit. The oscillator 
used in the latter place had a fixed frequency of 1,000 cycles per second 
and a fixed output, whereas both the frequency and the output of the 
oscillator lised in the former could be varied. The small electrodes here- 
inafter designated as point electrodes, or points, were made of platinum 
wire about 0.25 mm. in diameter and were insulated except at the tips 
by a variable thickness of glass. 

EXPERIMENTAL RESULTS 

Measurements of Point-Electrodes Systems . — Measurements were made 
with point electrodes in different combinations, at various separations, 
and in several media and shapes and sizes of vessels. Only those perti- 
nent to the present investigation will be discussed. Aqueous solutions 
of sodium chloride, potassium chloride, ammonium chloride, hydrogen 
chloride, and zinc sulfate were used. For certain experiments the elec- 
trolyte was dissolved in 2 per cent agar-agar (Difco Bacto-Agar), 
which was subsequently allowed to solidify. The resistance of all 
aqueous solutions was measured in the standard conductivity cell be- 
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fore and after it was measured with the special electrode systems. A 
3-liter beaker filled with the solution to be studied served as a first 
approximation to an infinite medium. 

Elect rode Polarization and Platinization.—' The polarization impedance 
at the surface of bare platinum was too large to permit the use of small 
electrodes of this material ; consequently, all electrodes were electrolyt- 
ieally coated with platinum black before they were used. The point 
electrodes were platinized by passing current from a storage battery 
through them after they had been immersed in chloroplatinic acid. A 
commutator was used to reverse the polarity of the current once per 
second. The resistance in the external circuit, which was located 
mainly at the electrode-acid junction, varied continuously in an un- 
known fashion as the degree of platinization increased. As the elec- 



trodes were platinized for increasing lengths of time, the effects of 
polarization at first decreased rapidly and then more slowly (Jones 
and Bollinger 12 ). After 150 seconds of platinization, the electrodes 
were usually satisfactory. The series resistance and reactance of such 
a pair of electrodes in normal saline were computed from the measured 
parallel resistance and capacity, and are plotted as an impedance locus 
m big. 2. The intercept on the resistance axis is the electrolyte re- 
sistance approached at high frequencies. The reactance and 'added 
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resistance at each frequency constitute the electrode polarization im- 
pedance. For many purposes this is negligible. It was found, how- 
ever, that for measurements made at the single frequency of 1,000 
cycles, the apparent cell constant of point electrodes increased as either 
the concentration or the temperature of the electrolyse was increased. 
For unselected electrodes the changes in the value of n produced by 
variations in the temperature and concentration of the solutions studied 
amounted to between ±4.5 and ±8.5 per cent of its mean value. For any 
given concentration, g was constant for a given pair of electrodes 
(separated by a distance of at least 3 cm.) to within 0.5 per cent. This 
constant did not vary with changes in the output of the oscillator at 
any frequency. These effects are probably results of the changes of 
the polarization impedance with concentration and temperature. 

When two point electrodes were immersed in a 3-liter “infinite” 
medium, the point-point resistance and g increased gradually with 
greater separation of the electrodes, but this increase was most rapid 
when the separation was less than 1 cm. From the data of Table I 

it was found that /xm — — + -£r — 16.9 cmr 1 If a = b = 0.125 mm. 

a(l (3b 

then a = (3 — +9.5. This lies between the values of 8 for the double- 
sided disc, and 4 ir for the sphere, indicating that the surface Avas prob- 
ably convex outward. Substituting this value in equation (2), the 
theoretical curve of Fig. 1 Avas obtained. It agrees Avell Avith the 
observations, and shoivs a proximity effect of 5 per cent for a distance 
of 2 mm. 

Table I 


Comparison op the Observed A r ALUES op p and Those Calculated From the 
Equation, p = pco - op Fig. 1 


ZCM. 

CALCULATED 

OBSERVED 

0.5 

16.5S 

16.65 

1.0 

16.74 

16.74 

16.81 

4.0 

16.86 

16.81 

4.5 

16.86 

16.86 

5.0 

16.87 

16.88 

10.0 

16.90 



When the volume of the medium Avas reduced from 3,000 to 60 c.c. 
and the diameter of its cross section from about 15 cm. to 4.5 cm., the 
resistance and the relation betAveen the resistance and the distance be- 
tween the electrodes vvere the same (within the physical limitations as 
regards separation of the electrodes imposed by the smaller volume of 
the medium) as Avhen the medium Avas more extensive. The data given 
in Table II indicate that the electrode proximity effect and the boundary 
proximity effect are about 1 per cent for the range investigated. 


KAUFMAN AND 


JOHNSTON: ELECTRICAL CONDUCTIVITY 


47 


Table II 


Values of the Cell Constant, * of a Pah: of Point Edkctuopes ,n a 
' Large Beaker} 


Restricted medium 
Restricted medium 
Restricted medium 
Unrestricted medium 


DISTANCE BETWEEN' ELECTRODES, ?C.U. 
L5 
2.0 

2.5 

1.5 


1S.0!) 

1S.77 

18.8-1 

1S.00 


When 2 per cent by weight of agar-agar was dissolved in aqueous 
solutions of a number of inorganic substances and permitted to solidify, 
it caused no change in the conductivity of the original aqueous solu- 
tions. The resistance-distance relationship of the point-point electrode, 
system inserted into the agar block was the same as for a medium of 
the original composit ion and of comparable shape and volume. 

As a test of our method, we calculated from point electrode measure- 
ments the resistance that would be observed when the medium was 
placed in a standard conductivity cell, and then attempted to confirm 
our prediction by observation. Since — 7C//i, the factor 7i//z. may 

be ascertained by measuring the resistance at a given frequency of a 
solution of known conductivity by both methods. When Tty. lias been 
measured with an unknown solution, Tty may bo calculated. As a check, 
7?* for the unknown solution may be measured directly. For example, 
the resistance (Tty) of an aqueous solution of approximately 0.9 per cent 
NaCl measured 2,574 oluns in the standard conductivity cell. The pre- 
dicted value of ]?k for an agar block containing 2 per cent agar-agar dis- 
solved in 0.9 per cent NaCl, obtained by computation from Tty, was 
2,584 ohms. 

Summary on Electrode Systems . — The properties of simple point - 
electrode systems were investigated theoretically and experimentally 
with reference to their suitability for the measurement of specific con- 
ductivities under a variety of conditions. In the form used by us those 
special electrode systems have certain limitations and do not permit 
measurement of specific conductivity with the same degree of precision 
as the standard conductivity cell. They do, however, make it possible 
to ascertain, with an accuracy sufficient for many purposes, the specific 
conductivity of materials which cannot, he. placed in a standard con- 
ductivity cell and have not, heretofore been satisfactorily measured. 

MEASUREMENT OF THE SPECIFIC RESISTIVITY OF LIVING 
MAMMALIAN TISSUES 

Our animal experiments were carried out upon dogs which were 
anesthetized with morphine and urethane. Various operative proce- 
dures were used to gain access to the organs or tissues studied. When 
the chest was opened, the lungs were ventilated with room air by 
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menus of a pump designed by Erlmiper and Cosell. All moasu . • 

of tissue conductivity were preceded by the ealibrnlwn of a set of two 
point electrodes separated by a distance of 2 or more centimeters >e 
calibration consisted of measuring, at frequencies of s>0ft. Um. -W 
5.000, and 30.000 cycles per second, the parallel resistance and parallel 
capacities required to balance the bridge after the electrodes were im- 
mersed in an “infinite” medium of approximately 0.9 per cent saline 
at a temperature close to that of the tissues to be studied. The con- 
ductivity of the 0.0 per cent saline, maintained at the same tempera- 
ture, was measured independently in a standard conductivity cell. As 
soon as the point electrodes had been standardized, they were placed 
on the surface or within the substance ol the tissue or organ undci 
investigation, and the parallel resistance, 7i’ r . and parallel capacitance, 
C p , required to balance the bridge for the above frequencies were as- 
certained as rapidly as possible. After the tissue measurements were 
completed, the electrodes were reslandardized. 


Tabu: JV 

Aysha ra: Vamt.s roe. Tin; Specific Besistancks of Li vino Tissues is Ohm cm. 


TISSUE 

NO. OF 
ANIMALS 

NO. OF 

oiisr.uvA- 

TIONS 

SPECIFIC 

resistance 

piskmoi.. 

CAUIIUA- 

TJON 

sri;nric 

resistance 

rosrnim.. 

CAURR.V 

TION 

Muscle 

0 

13 

Til 


(somatic) 

0 

11 


575 

Liver 


7 

072 



o 

0 


7)0(5 

Heart 

1 

r. 

no 4 

207 

Pericardium 

1 

1 

•KM 

•107) 

Lung 





At end of normal inspiration 

•1 

<) 

7(1(1 




7 


711 

Superinfialed 

•1 

•1 

1,307 




o 


1.227 

Deflated 

] 

1 

•101 


Fat 

O 

»> 

2.207, 

l.SOS 

.Serum 


1 

17 a 

OS 

Blood 


«» 

i*::o 

1 ST) 


t M nt . e W r0l, 1 ra wnF roughly 50 ohm cm. at 37* J\. or about onc- 
rourtii that of dcfihrlnatctl blood. 

Tlie series resistance and reactance at eneli frequency were calcu- 
lated for the electrodes in saline before and after the tissue measure- 
ment. 0 The characteristics in each ease arc shown in the impedance 
loci of big. 2. The ‘cell” constant and the electrode polarization were 
not ^ lc sanie a ^ er the electrodes had been in contact with tissue as 

‘In computing- tlie series resistance. n.. nml series ri>iplm«. v , 

formulas were employed (sec Colo and Cole 15 ') : ’ reactance. A., tlie following 

P ‘ p X. = C„ w 


n, - 


parallel capa c it a nee ? ° 2^ f re'quencjT^ eaclance ; H p = parallel resistance ; C,, = 
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before, perhaps because of the absorption of proteins. The specific 
resistance of the tissue and the polarization corrections were calculated 
from these data. Higher values for the specific resistivity of the tissue 
were usually obtained when the first or prebiologie calibration curve 
was used than when the second or postbiologic calibration curve was 
used, but the reverse was sometimes the case (Tables III and IV). It 
should be pointed out in this connection that since several tissues were 
measured with the same pair of electrodes in the course of each experi- 
ment, the prebiologie calibration for all except the first tissue studied 
was also the postbiologic calibration for the preceding observation. 
In some instances the series resistance and reactance of the tissue were 
calculated, and the polarization resistance and reactance subtracted 
at each frequency. 

The impedance loci for muscle, liver, and lung shown in Figs. 3, 4, 
and 5 were obtained by plotting the resistances and reactances which 
had been computed in this manner. These loci are probably circular 
arcs such as have been found over wider frequency ranges for other 
tissues and cells. 15 ' 1, 15f It is possible to extrapolate the lower fre- 
quencies and direct current resistances from these data. However, the 
resistance for the range of frequencies below 500 cycles per second, 
which occur in the electrocardiogram, are only slightly larger than 
those at 1,000 cycles. Consequently, only these latter values will be 
considered.® 

The simplest biologic tissue studied was defibrinated dog’s blood, 
which consisted, by volume, of half cells and half extracellular fluid. 
About 500 c.c. of defibrinated blood in a beaker with a diameter of 
10 cm. constituted the “infinite” medium. The electrical resistance 
was measured both in the standai’d conductivity cell and by calibrated 
point-electrode systems. The resistance and capacitance measured by 
the point electrodes in a large medium are resident in a relatively small 
volume of circumelectrodal medium, and are not influenced to any great 
extent by the medium lying outside this region. This is shown by 
measurements made by immersing the point electrodes in defibrinated 
blood before and after the blood was allowed to sediment. The re- 
sistance of the mixed whole blood was 4,900 ohms; whereas, after sedi- 

*The specific resistances shown in Table III were computed in the following way. 
Approximately 0.9 per cent saline solution at body temperature was measured in a 
standard conductivity cell at the beginning and again at the end or the experiment, 
and the mean of the two readings (l?k) was used. The cell constant of the conductivility 
cell, K, was known to be 39.37. The same solution was measured with the point elec- 
trodes before and after each observation. The prebiologie constant of the Point elec- 
trodes was ascertained from the first reading, Bfi (at 1,000 cycles per second), by the 
formula : 


The postbiologic value for the cell constant (g) of the point electrodes was ascertained 
from the second reading in the same way. The specific resistance of the tissue was 
computed by dividing the measured resistance of the tissue at 1,000 cycles per second 
by the cell constant. 
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mentation was complete and the electrodes were in the serum, a rend- 
ing of 2,940 ohms was obtained. The latter value was evidently due 
largely to the resistance of the serum. 


i I . -I r. | I- I .j:.i 1. .1 i: U:1 i: .(.vj I • i .1 : i.. I., a . I- .-.-I .1 I 1 l'i I • III 

Fig-. 3. — Impedance locus of triceps muscle based on experiment of May 10. 1938. 



Fig. 4. — Impedance locus of liver based on experiment of May 9, 1938. 


Lungs. In a number of experiments in which the pulmonary specific 
resistivity was measured, the lungs were rhythmically inflated in a 
manner which approximated normal ventilation before the chest was 
opened. Many sites on the lung surface from the hilar to more lateral 
regions and from apical to basal fields were explored. When the elec- 
trodes were inserted into the lung tissue, the resistances obtained were 
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entirely comparable to those obtained with the electrodes on its sur- 
face. Since the resistance of lung tissue varied from expiration to in- 
spiration, the specific resistance was measured arbitrarily in most ani- 
mals under conditions approximating the height of normal inspiration. 
The range of variation from normal expiration to normal inspiration 
was ascertained by holding the lung in an expiratory, and again in 
the maximal normal inspiratory, position until measurements could be 
made. When a. series of measurements, over the range of frequencies 
used, was made with the electrodes in a given position on either the 
sui face 01 in the depths of the tissue, and was then repeated imme- 
diately, there was practically no difference between the second and the 
initial series of measurements. This indicates that possible tissue 
changes due to placing of the electrodes did not have an important 
effect upon the final value for the resistance under these experimental 



Fig. 5. — Impedance locus of lung based on experiment of May 9, 193S. 


conditions. In a number of instances the lungs were overinflated until 
they were grayish-white in color, and bulged from the chest so that 
both expiratory and inspiratory volumes were greatly in excess of 
those possible in the living animal with an intact thoracic cage. The 
maximal resistance of the lung tissue of living animals under these 
conditions was about twice as great as that at the height of normal 
inspiration. When, however, death occurred suddenly with the lung 
at any volume, as a result of ventricular fibrillation induced by multi- 
ple air embolism of the smaller branches of the coronary arteries, the 
resistance of the rhythmically inflated lungs rose beyond the range of 
the measuring instruments. 



KAUFMAN AND JOHNSTON : ELECTRICAL CONDUCTIVITY 

Muscles . — The specific resistance of voluntary muscles (triceps, quad- 
riceps, biceps, deep muscles of the back, intercostal muscles, recti, and 
diaphragm) was ordinarily studied after the fascial envelopes were 
incised. The measurements made on muscles included observations on 
the midportions, as well as on regions near the ends, where the con- 
nective tissue components became the more prominent constituents. 
The average resistance of muscle was not very different from that of 
normally inflated lung tissue. The specific resistance of the liver, as 
measured with the electrodes on the surface and in the depths of its 
substance, was nearly the same as that of muscle and lung tissue. 

An attempt was made to measure the resistance of cardiac muscle 
during diastole. This was an especially difficult task when the heart 
was beating rapidly. The specific resistance of living cardiac muscle, 
with the electrodes either on the surface or imbedded, was found to be 
approximately one-third that of lung, muscle, and liver tissue, and 
about the same as that of blood. Fat and connective tissue had the 
highest resistances of any tissues measured. Bone and nerve were not 
studied. 

The average values of the specific resistances of the various tissues 
are given in Table IV. 


SUMMARY AND CONCLUSIONS 


The specific resistances of living mammalian tissue in situ may be 
ascertained by measurement of the resistance between two small elec- 
trodes placed upon its surface or within its substance. The basis and 
scope of this method have been considered theoretically and verified by 
measurements of simple electrolytes and blood. 

Measurements on the living tissues of the anesthetized dog show that, 
muscle, normally inflated lung, and liver have specific resistances of 
the same order of magnitude. These measurements establish experi- 
mentally the validity of the assumption that the errors in theoretical 
studies of the form of the electrocardiogram, made by considering the 
tissues which surround the heart uniform with respect to their specific 
resistivity, are of no practical importance. 


I he writers wish to thank Dr. Frank N. Wilson for continued encouragement 
and valuable suggestions during the course of our work. We are grateful to Dr. 
A. L. Ferguson, of the Department of Chemistry, University of Michigan, who 
extended to us facilities in the Electrochemical Laboratory and helped us with 
some of our technical problems. We are particularly indebted to Dr. Kenneth S 
Co e, of the Department of Physiology of the College of Physicians and Surgeons, 
Columbia University. It was he who suggested that point electrodes might be 
!, meaSUre ?? nt ° f tiSSUe COnductivities > and be was kind enough to 
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SHORT P-R INTERVAL WITH PROLONGED QHS COMPLEX: 
ALLERGIC MANIFESTATIONS AND UNUSUAL 
ELECTROCARDIOGRAPHIC ABNORMALITIES 
Report of a Case 

A. Henry Clagktt, Jr.,° M.D. 

Major, Medical Corps, Fort Dix, N. J. 

T HE following case in which the electrocardiogram showed a short 
P-R interval and a prolonged QRS complex in a healthy person who 
was subject to attacks of paroxysmal tachycardia is reported because 
there were unusual clinical and electrocardiographic Jeatttres, seio.il of 
which have not been reported previously. 

REPORT OP CASE 

A 24-year-old, well-developed, and somewhat obese man was admitted to ilic hos- 
pital with the chief complaint of attacks of rapid beating of the heart. 

The family history was irrelevant except that one brother had hay fever caused 
by sensitivity to pollen and hair. The previous personal history was irrelevant 
except for morning sneezing. 

The patient stated that he had been subject to attacks of rapid beating of the 
heart as long as he could remember, and that his mother told him he had had these 
seizures since birth. At the age of 10 years a physician told him not to engage 
in any strenuous sports. When he disregarded this advice and played a game such 
as baseball, a paroxysm was usually precipitated, 'Overexertion and fatigue in- 
creased the frequency of the attacks. In civil life, the seizures usually came on 
Saturday or Sunday, after a busy week, and averaged about one every three weeks. 
In the first four months that he was in the Army the paroxysms were more frequent, 
and were thought to have been precipitated by calisthenics or marching double time. 

A typical attack began in the evening and was preceded by a period when the 
heart seemed to beat irregularly. The tachycardia started suddenly by the “heart 
jumping off its axis, giving a real hard knock, and then beating fast.” During a 
paroxysm the patient felt dizzy, sweated profusely, and had a frontal headache. 
Seizures during the preceding eight months had been accompanied by pain in the 
chest, radiating to both shoulders. An attack necessitated the stopping of any 
activity and lying down. The paroxysm usually stopped as suddenly as it began, 
and left the patient weak and exhausted for a period of six to twelve hours. At- 
tacks lasted from ten minutes to twelve hours. Occasionally there was a period of 
several hours before or after a seizure when the heart seemed to beat irregularly, 
but, between attacks, the patient felt perfectly well. Sometimes the patient was 
able to abort paroxysms by forced expiration with the glottis closed. 

Physical examination revealed a well-developed and well-nourished young man 
who was seventy inches tall and weighed two hundred pounds. The cardiac exam- 
ination was negative, as was the entire physical examination. 

Laboratory examination, including roentgenographie and fluoroscopic examination 
of the h eart, serologic reactions, blood cell count, and urinalysis, was negative. 

Hospital, Fo\t C D i x:°N“™Je r rscr al SCCU ° n ° f 1,10 Medical Sel ' vice - Tllt ™ General 
Board Pr ° Ved f ° r publication b >' Surgeon General and War Department Manuscript 
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‘Chief, Cardiovascular Renal Section. 
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Allergic examination showed that the patient was sensitive to the following- 
chicken, mackerel, cane sugar, green pea, chocolate, barley, sweet corn, spinach 
coffee, oyster, strawberry, horse serum, dust, goat epithelium, feathers, wool, fish’ 
glue, orris root, timothy, plantain, ragweed, ash, elm, Aspergillus, Monilia, tri- 
cliophytm, and Ascans. Passive transfer sites were tested with food allergens that 
produced moderate or greater reactions on skin testing, with the following results: 

cane sugar, green pea, and chocolate were markedly positive; mackerel and spinach 
were slightly positive. 1 



Fig. 1. 


Electrocardiograms were obtained on this patient under many different conditions. 
These may be divided into several general groups, as follows: 

The “ normal” resting electrocardiogram (Fig. 1) showed a rate between 70 and 
83, with slight sinus arrhythmia. The P-R interval was always 0.10 second. The 
QRS deflection was prolonged to 0.14 second, and the initial limb of this complex 
was slurred. The S-T segment was depressed in the limb leads, especially Lead II. 
The T wave was upright in Lead I and inverted in Leads II and III. The tracing 
was of the short P-R interval and prolonged QRS type which is associated with 
conduction through an accessory bundle, the bundle of Kent. 

The tracing taken during an attack of tachycardia (Fig. 2) showed that the 
latter was supraventricular in origin, for the QRS deflection time was normal. The 
rate was about ISO. The graph at the bottom of Fig. 2 is a strip of Lead II, 
taken during the attack while pressure was being applied to the carotid sinus. 
There are two normal complexes, the second of which has a P wave superimposed 



CLAGETT: short p-r interval with prolonged QRS complex 

on its S-T segment and is immediately followed l.y a ventricular complex which is 
transitional between the normal form and that present during the paroxysm. This 
pre ss repeated itself several times, after which the tachycardia was resumed. 
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A tracing taken prior to his entry into this hosDital n „i i . 

83 and an irregularity caused by premature bea s The n \-T ° f 
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sinus pressure during an attack of tachycardia. Fig. 5 A shows what is probably 
the longest effect obtained by this procedure. In general, the effect of carotid sinus 
pressure lasted only a few beats before the tachycardia recurred. Fig. 5 E was 
taken just as an attack of tachycardia ended spontaneously. 



Tracings taken after exercise were essentially the same as in Fig. 1, except for 
an increase in rate. During ocular pressure (Fig. G), the rate varied between 45 
and 50 and there was a definite sinus arrhythmia. The tracing shows a lapse of 
2.6 seconds between the first two complexes in Lead III. Note that the QRS com- 
plexes are of greater amplitude than those in Fig. 1 ; this increased amplitude 
makes the slurring less noticeable, but demonstrates that it involves only the initial 
component of the deflection. Tracings taken every five minutes after the admin- 
istration of 1/50 grain of atropine sulfate were the same as that in Fig. 1, except 


Pier. 5. — Strips of Lead II. 
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tot the „te inetenrf to etaut 1*0. With ll» i~o in rate, .1» -»» 
became much less pronounced. . 

Progress . — Despite the physical rest provided by hospitalization, the pat.eni con- 
t Jed to have attaches far more frequently than before; they occurred once, or 
sometimes twice, a week. Of the first, four attacks, three occurred on . WafJ ■ 
the question was raised whether sensitivity to fish might be a precipitating factor. 
Consequently, fish was withheld on one Friday, but the patient had an attack on 
the same day after eating ice cream and drinking lemon soda. Several days later 
the patient was given fish for dinner but had no attack on that day. 



Figr. C. 


Subsequently, the patient was studied from the allergic standpoint. A list of 
substances to which lie was sensitive has been given. ]Ie was then placed on a 
diet consisting only of lamb, rice, and milk for two days. On the third and fourth 
days, four teaspoonfuls of cane sugar were added twice daily. On the evening of 
the first day on which the sugar was given, the patient had an attack. The patient 
then was given nothing but lamb, rice, and milk for two more days. On the third 
day sugar was again added. This time, the patient noticed that liis heart skipped 
irregularly on the first day the sugar was given, and that he had a definite attack 
on the second day. He was then placed on a full diet, except the foods to which 
he showed sensitivity. After several days on this diet, with no attacks, he left the 
ward, drank two bottles of a cola drink, and immediately lmd an attack. After 
explaining to the patient about the sugar content of soft drinks, he adhered rigidly 
o las diet and was more comfortable than at any time prior to his entrance into 
the hospital. He stated that lie had never drunk soft drinks prior to hospitalisation 
because he greatly preferred beer. P 17,1110,1 
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SUMMARY OF LITERATURE 

Kent, 1 in 1914, published his observations, first made in 1892, on an 
accessory cardiac conduction bundle which crosses the auriculoventricu- 
lar groove in the right lateral wall of the heart. 

In 1915, Wilson 2 reported a ease of mitral stenosis in which, during 
the course of a long period of observation, there were four different 
cardiac rhythms. When first observed (Wilson does not state whether 
the patient was febrile, nor does he give the pulse rate), the rhythm was 
normal. With slowing of the heart rate subsequent to deep breathing, 
a type of “bundle branch block” was found, together with a short P-R 
interval. Vagus pressure also caused this “block.” Normal rhythm 
could be brought back by acceleration of the rate caused by grain 
of atropine or a succession of deep breaths. The patient had two attacks 
of paroxysmal tachycardia in six weeks. The fourth type of cardiac 
rhythm occurred during the early stage of atropine action (six minutes 
after injection), and was described by Wilson as a low nodal rhythm, in 
contradistinction to the other, or high nodal, type. He attributed these 
changes to migration of the pacemaker caused by vagus action. 

In 1930, Wolff, Parkinson, and White 3 described a syndrome of 
“bundle branch block with short P-R interval” in healthy young peo- 
ple who were prone to paroxysmal tachycardia, auricular fibrillation, or 
even auricular flutter. These patients usually regained normal rhythm 
spontaneously, either with exercise or by the action of atropine. These 
authors suggested the possibility of a congenital anomaly in the con- 
duction system, but felt that the syndrome was probably the result of 
vagus action. 

Holzman and Scherf 4 and Wolferth and Wood, 5 independently, pre- 
sented the hypothesis that this syndrome is caused by an accessory path- 
way of auriculoventricular conduction. Wolferth and Wood presented 
the following reasons in support of their view: (1) The interval from 
the beginning of the P wave to the end of the QRS deflection is normal. 
(2) This interval was the same in the normal complex and the abnormal 
complex; a change occurred only in the P-R interval. (3) Slurring in- 
volved only the initial deflection of the QRS. They concluded that this 
was not bundle branch block, but the manifestation of an early arrival 
in the ventricle of the impulse from the auricle. They showed that a 
functioning bundle of Kent would account for all of the phenomena of 
this syndrome: (a) The P-R interval was short because the pathway 
was short, (b) Premature invasion of a section of the ventricular mus- 
culature would cause slurring of the initial deflection of QRS and 
widening of QRS at the expense of the P-R interval, (c) Conductivity 
through the bundle of Kent may be slow, so that it may fail to function 
when impulses are formed at a rapid rate, (d) Auricular paroxysmal 
tachycardia and fibrillation may be caused by retrograde conduction in 
the bundle, which was shown to occur in rats by Kent. 
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In 1936, Cossio, Bereonsky, and Krcutzer 5 advanced the theory that 
the abnormal complexes originate from a hyperirnta ) e \en mcu a 
focus, and that this focus is irritated by the action of auricular systole. 

In the same year, Tung 7 presented two cases and expressed the opinion 
that the entire syndrome was the result of a change in vagal tone. 

In 1937, Bishop 8 reviewed the literature and found that the effect of 
atropine and exercise was not constant. This was evidence against t le 
theory of vagus influence. The second theory, that of an aberrant 
conduction bundle, was discarded merely because such an anomaly had 
never been demonstrated in a patient with this syndrome. 

In 1938, Moia and Inchauspe 9 presented a case of this syndrome and 
noted absence of Q in Lead IV (old technique), absence of axis devia- 
tion, and T waves in a direction opposite to QRS. A strip oi Lead II 
showed abnormal complexes with occasional normal beats; there was 
coupling for several beats, but no regular bigeminy. 

In 1940, Hunter, Papp, and Parkinson 10 reviewed this subject and 
suggested that the abnormal complexes may be explained as the result 
of double rhythm by two interfering pacemakers. 

In 1941, Wolferth and Wood 11 re-examined this subject and presented 
further evidence in support of their original hypothesis. 

In 1942, Butterworth and Poindexter 12 reported two eases in which 
auricular premature beats were followed by abnormal ventricular com- 
plexes. Tins was in refutation of several theories, especially that of 
double rhythm caused by two interfering pacemakers. They also pre- 
sented experimental work in which, by means of an amplifier, the elec- 
trical impulses from the auricle were conducted to the ventricle before 
the impulse arrived normally through the aurieuloventricular conduc- 
tion system. This produced typical electrocardiographic tracings, with 
short P-R interval and prolonged QRS complexes. Reversal of the 
flow, from ventricle to auricle, caused typical auricular tachycardia. 
This demonstration lent weight to the theory of Wolferth and Wood 
regarding retrograde conduction in the bundle of Kent as a cause of the 
paroxysms of auricular tachycardia. 

AVood, AVolferth, and Geekeler, 13 in 1943, obtained an autopsy on a 
patient who had had this syndrome. They found an accessory bundle 
exactly where it was described by Kent. 

In 1925, it was realized that paroxysmal tachycardia occurred with 
certain other diseases too often to be considered merely coincidental. 
Laubry and Mussio-Fournier 14 reported seven cases of both asthma and 
paroxysmal tachycardia ; Thomas and Post 15 wrote of the frequent occur- 
rence of paroxysmal tachycardia in cases of migraine, and suggested 
that the tachycardia might be an unusual manifestation of this disease 

it was not until four yearn later that Luria and AVilenskv 10 first pos- 
tulated that paroxysmal tachycardia is an allergic disease. ‘ The follow- 
ing year, they 17 presented the case of a woman with mitral valvular 
disease who was subject to attacks of paroxysmal tachycardia These 
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attacks would occur immediately after eating raisins and honey. Skin 
tests with apple, starch, raisin, and honey showed positive reactions to 
raisin and honey. Elimination of these foods from the diet resulted in 
cessation of the attacks. 

In 1932, "Weill 18 referred to the work of Luria and Wilensky 17 and 
reported six cases in which paroxysmal tachycardia was associated with 
asthma, urticaria, and other allergic phenomena. He stated that par- 
oxysmal tachycardia was not always allergic, hut felt that allergy was 
a definite factor in some cases. One patient had migraine, eczema, and 
paroxysmal tachycardia. She ate chocolate constantly while working, 
and consumed an enormous quantity. Upon the removal of chocolate 
from her diet, the attacks of migraine and tachycardia almost, hut 
never completely, disappeared. 

In the same year, Mussio-Fournier 19 referred to his original article 
and presented further evidence in favor of the idea that allergy may 
be a factor in paroxysmal tachycardia. 

In 1937, Gay 20 referred to cases in which paroxysmal tachycardia 
was controlled by eliminating certain foods from the. diet; the tachy- 
cardia recurred when these foods were again eaten. 

Kern 21 stated that paroxysmal auricular tachycardia is perhaps the 
most outstanding cardiac disorder in which allergy may play a part. 

DISCUSSION 

This case is presented because of the unusual electrocardiograms, the 
unusual reaction to exercise, and the possibility that the precipitation 
of the paroxysmal tachycardia might have been an allergic manifestation. 

ELECTROCARDIOGRAMS 

1. With a slow rate, there was marked sinus arrhythmia, all of the 
complexes were abnormal, and the QRS complexes were of greater 
amplitude and less slurred than when the rate was more rapid. 

2. With increase in rate after exercise or atropine, the typical patient 
with this syndrome would show a return to normal rhythm, but in this 
case it was impossible to produce a single normal complex by causing an 
acceleration of the rate. When the rate was increased to over 90, the 
sinus arrhythmia disappeared. The QRS complexes were of lower volt- 
age and the notching was more evident. 

3. With the fast rate preceding or following an attack of paroxysmal 
tachycardia, normal complexes were frequently seen together with 
abnormal complexes ; in none of the tracings were all of the complexes 
normal. The mechanism of these changes is highly problematical, and 
will not be discussed in this paper, except to say that, when bigeminy 
was present, it was evident that the cardiac impulses alternated between 
the normal bundle and the bundle of Kent. From the practical stand- 
point, it should be noted that the tracing in Fig. 3 showed a constant 
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bigeminal rhythm.* If this wore the only tracing available one could 
not be criticized for failing to make the correct d, agues, s Tins should 
teach us that multiple tracings are required whenever the underh m a 
mechanism is not perfectly clear. 

4. It is interesting that the only time normal complexes occurred 
was immediately before or after a paroxysm of tachycardia. With the 
theory of Wolferth and Wood and the experimental evidence of Butter- 
worth and Poindexter in mind, might this not mean that an occasional 
normal complex initiates an impulse which re-enters the auricle through 
the bundle of Kent and there sets up a paroxysm of tachycardia? 

5. In eases of typical supraventricular paroxysmal tachycardia, 
carotid sinus pressure, if effective at all, will cause the tachycaidia to 
disappear entirely. Such was not the case in this patient ; sustained 
pressure caused the tachycardia to cease for several beats, after which 
it was resumed. 

ALLERGIC STUDY 


1. Inasmuch as the syndrome of short P-R interval and prolonged 
QRS complex, associated with paroxysms of tachycardia, is well rec- 
ognized, it seems far fetched to look upon allergy as a cause of these 
attacks. 

2. I have seen one patient with this syndrome (discovered on routine 
examination) who regained normal rhythm after exercise and had 
never had an attack of tachycardia. 

3. Although allergy is probably not always a factor in this syndrome, 
it is reasonable to suppose that it may act as a precipitating cause of 
some of the paroxysms of tachycardia which these patients have. This 
particular patient had about one attack every three weeks prior to his 
entrance into the hospital. When he began to drink soft drinks instead 
of beer, he had attacks much more often. His skin tests (and passive 
transfer reactions) showed strong reactions to cane sugar and a few 
other common foods. On two occasions, after the patient had been on 
a diet of lamb, rice, and milk, the addition of cane sugar was followed 
by an attack. When the patient was placed upon a diet which eliminated 
all foods to which he was sensitive, the attacks became less frequent and 
the patient was much more comfortable. 

4. It is hoped that this report will serve to stimulate interest in the 
possible allergic aspects of this syndrome. 


SUMMARY 


1. A case in which the electrocardiogram showed a short P-R interval 
and a prolonged QRS complex, together with several unusual features 
not reported previously, is presented. 




66 


AMERICAN HEART JOURNAL 


2. The possibility that food allergy may have precipitated some of the 
attacks of paroxysmal tachycardia is considered. 


The study of this case from the allergic standpoint was conducted by Lieutenant 
Harry Swartz. 
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THE PERIPHERAL BLOOD PLOW UNDER BASAL CONDITIONS 
IN NORMAL MALE SUBJECTS IN THE THIRD DECADE 

IIarou) J. Stewart, M.D., and Wilus P. Evans, M.D. 

New York, N. Y. 

T HERE lias been increasing interest in recent, years in that part of 
the total cardiac output which is allocated to the peripheral circula- 
tion. Contributions to our knowledge of peripheral blood flow have been 
stimulated by increasing attention to inflammatory, occlusive, and vaso- 
spastic stales of the peripheral vessels. Most of Ihe data relating to 
the amount of the peripheral circulation have been derived from changes 
in the volume of an extremity or digit, or in the temperature oi an ex- 
tremity. During the past four years we have used a method hv which 
measurement of the amount oi blood allotted to the periphery of the 
body can he made in health and disease, as well as to estimate the effect 
of drugs on this part of the circulation. 1 ’ 7 During the course of these 
investigations we have accumulated data on the average peripheral blood 
flow in a group of normal persons between the ages of 20 and 30 years. 

The peripheral blood flow has now been studied seventy-five times on 
thirty-four male subjects who, from physical examination, could he des- 
ignated as normal. All were approximately 20 to 30 years of ago, and 
most of them were members of the house staff of the New York Hospital 
or medical students from Cornell University Medical College. 


METHOD 

Measurements of the peripheral blood flow were made by modifying the method 
of Hardy and SoderstromS in such a way that observations could lie carried out 
without the use of a calorimeter. This modification has been described elsewhere.' . <> 

In order to use this method, certain data were required, namely, skin temperatures 
at eleven points on the nnterior surface of the body,' rectal temperature, oxygen 
consumption, height, and body weight. In addition, the blood pressure and pulse 
rate were recorded. 

The skin temperatures were measured with the improved llardv-Soderstrom radiom- 
eter, a the rectal temperature with a single-junction, eoppereonstatitan thermo- 
couple, o and the oxygen consumption with a Benedict -Roth metabolism apparatus.'*' 
The basal metabolic rate was calculated from the Mayo Foundation standards for 
age and sex," and the surface area from the tables of DuBois and DuBois." 




All Of the observations were made in the morning, when (lie subjects were in 
a basal metabolic state. The rectal thermometer was inserted to a depth of about 
10 cm as soon as the subjects came to the constant temperature room, and re- 
mai m p,!lce tl,rou S llo,,t t,lc coming. The subjects lay nude in bed covered 
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only by a sheet. The studies were made at the temperatures which we have most 
frequently employed, namely, 25° C. and 27° C. The relative humidity was main- 
tained between 30 per cent and 50 per cent. The subjects adjusted to the environ- 
ment of the constant temperature room for at least an hour before the observations 
were begun. 



I I I I I 


I 2 3 A 5 

ND. OF f/EASLRD/ENTS DURING A MORNING'S 
03SER.ATDN 

Fig. 1. — This figure shows all of the individual measurements of average peripheral 
blood flow on all subjects during the course of a morning's observations. Those made 
at a room temperature of 25° C. are plotted as closed circles, and those at a room 
temperature of 27° C. are shown as open circles. For the most part, the peripheral 
blood flow was greater at the higher room temperature. 

The data were collected in the following order: First, the oxygen consumption 
was measured. The room temperature was then noted, after which the temperatures 
of the skin of the eleven areasi were recorded. The rectal temperature was next 
measured. Six sets of skin and rectal temperatures were recorded on some subjects, 
and three to four sets on others. The interval between temperature readings was 
ten minutes in some cases and twenty minutes in others. The average peripheral 
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flood flow per minute during the ten- or twenty-minute j"^ 18 
md is shown in Fig. 1. This flexibility was permissible, foi the Anal calcul 
of peripheral blood flow were made on the basis of c.c./MVMm '1 he • oo< pi en- 
sure and pulse rate were recorded during free intervals between tcmperatuic leu 
ings. After obtaining the required number of sets of skin and rectal temperature, 
the oxygen consumption was measured again. 


OBSERVATIONS 


The results of observations at a room temperature of 25° C. are 
shown in Table I, and those at 27° C. in Table II. 

Peripheral Blood Flow.— The trends of the peripheral blood How dur- 
ing the course of a morning’s observation are shown in Fig. 1. During 
an observation, the peripheral blood flow in any one subject showed 
fluctuations. Also, in successive observations on the same subject, a 
variation was observed. Although there is overlapping in values at the 
two temperatures, nevertheless it is apparent that, lor the most part,, 
at 27° C. the peripheral blood flov T was greater than at 25° G. In one 
subject (No. 25, C4. V., Table I), the peripheral blood flow with the room 
temperature at 25° C. was, on the six occasions when it was measured, 
97 to 163 c.c./M 2 /Min. — that is to say, greater than all the others of 
this group, in which the next highest was 7S c.c./jd 2 /Min. The basal 
metabolic rate was consistently in the lower range. We have no ex- 
planation for the fact that this subject’s peripheral blood flow was so 
far out of line with the others in this group. 

In two subjects (No. 8, 3YI. McC., and 11, W. L., Table II), at the 
higher room temperature (27° C.), the peripheral blood flow was much 
less than that of all of the others of this group. Their basal metabolic 
rates were in the low range, but others in the group with lower basal 
metabolic rates had a greater peripheral blood flow, so that this is prob- 
ably not the explanation for their low values. 

In four subjects (No. 1, L. E., 6, R. T., 12, C. II., and 13, J. S., 
Table II, and subjects No. 5, L. E., 1, R, T., 22, C. II., and 7, J. S.j 
Table I, respectively), the peripheral blood flow was measured at 27° C. 
as well as at 25° C., and was greater at the higher room temperature. 


The average peripheral blood flow for all subjects was 52 c.c./M 2 /Min. 
at a room temperature of 25° C., and 73 c.c./M 2 /Min. at a room temper- 
ature of 27° C. That is to say, the peripheral blood flow was 21 
c.e./MVMin. greater at the higher room temperature (Tables I and II). 

Basal Metabolism.— The average basal metabolic rate at 25° C. was 
minus 6 per cent. In this group the highest basal metabolic rate was 
plus 15 per cent, and the lowest, minus 18 per cent (Table I) The 
average at 27° C. was minus 5 per cent. The highest basal metabolic 
rate m this group was plus 20 per cent, and the lowest, minus 23 
per cent (Table II). When more than one set of observations was made 
on a subject, slight variations in oxygen consumption were observed 
rom day to day (Tables I and II). Approximately 60 per cent of the 
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subjects in both groups showed a slight increase m basal nietabolie laic 
during a morning’s observations, and 40 per cent showed a decieu.se. 
This is not apparent in Tables I and II, however, m which the axerage 
rate for the morning’s experiment is recorded. 

Rectal Temperature. — The average rectal temperature with the room 
at 25° C. was 36.64° C., and, at 27° C., it was 36.7!)° C.; that is to say, 
it was slightly higher at the higher room temperature (Tables 1 ainUl). 
The lowest rectal temperature with the room at 25° C. was 36.11° C., 
and the highest, 37.26° C. (Table I). At 27° C. the lowest rectal 
temperature was 36.32° C., and the highest, 37.24 (A ( lable 11). Small 
variations in rectal temperature were observed from day to day among 
those subjects upon whom several measurements were made (1 aides 1 
and II). ' 

Skin Temperature . — The average skin, hand, and foot, temperatures 
with the room at 25° C. were 33.0.1° C., 33.7° 0., and 31.4° ()., respec- 
tively (Table I). The average skin, hand, and foot temperatures at 
27° C. were 33.75° C., 34.4° C., and 32.7° C., respectively (Table II). 
In short, the skin temperatures were higher at the higher room tempera- 
ture. When more than one set of observations was made on a subject 
in either group, the average skin, hand, and foot, temperature varied 
from day r to day. The highest average foot temperature was recorded 
at the highest room temperature (E. B., 3/2/42; F. II., 9/20/41: and 
R. T., 10/30/41, Table II). On the other hand, the lowest individual 
average foot temperature (26.0° C.) was recorded at the higher room 
temperature (R. B., 1/21/41, Table II). The highest and lowest individ- 
ual average skin and hand temperatures were always greater at the 
higher room temperature. 

Blood Pressure and. Pulse Rate . — The average systolic and diastolic 
blood pressures were the same at 25° C. as at 27° C. There was a 


slight difference in average pulse rate, which was 57 per minute at 25° 
C. and 61 per minute at 27° C. (Tables T and IT). Neither the blood 
pressure nor pulse rate varied significantly from day to day in any 
one subject (Tables I and II). 


DISCUSSION 

The average peripheral blood flow was 52 c.e./M-’/Min. with the room 
temperature at 25° C., and 73 c.c./M-’/Min. at 27° 0. (Tables 1 and II. 
Fig. 1). That is to say, the average peripheral blood flow bears a direct 
relationship to environmental temperature, for the blood flow was 21 
c.c./MVMin. greater at the higher room temperature. These results 
are m agreement with those of Hardy and SodcrstronF and Hick 
Feet on, Glickman, and Wall. 13 However, when each individual in each’ 
group was considered, the variation in blood flow was such that values 
for certain subjects at one temperature overlapped those at the other 
(Tables I and II, Fig. 1). In addition, when several observations were 
carried out on a subject, the peripheral blood flow varied from one day 
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to the next (Tables I and II, Fig. 2a and 2b). Although there were 
variation and overlapping in values, the peripheral blood flow tended 
for the most part to be greater at the higher room temperature (Fig. 1). 
These data show, therefore, that the peripheral blood flow did not 
lie within narrow limits, among different subjects in the same age 
and temperature group, or in the same person. This was not unexpected, 
for, although all of the observations were made under the same condi- 
tions, man}' factors, such as emotion, metabolic requirements of the 
tissues, and the amount of subcutaneous fat, determine how much of his 
total basal cardiac output each person must allot to the periphery. 


ROOM TEMPERATURE 25«C ROOM TEMPERATURE 27 °C 



subject 25 from the rest of the group. 


The average basal metabolic rate was the same for both groups of 
subjects; that is to say, it was minus 6 per cent at 25° C. and minus 
5 per cent at 27° C. (Tables I and II). The highest and lowest basal 
metabolic rates in the two groups were essentially the same, i.e., plus 
15 per cent and minus 18 per cent, respectively, at 25° C., and plus 
20 per cent and minus 23 per cent, respectively, at 27° C. (Tables I 
and II). When more than one set of observations was carried out on 
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one subject, small variations in basal metabolism were observed from 
day to day. Approximately 00 per cent of t ho measurements in )f>t i 
croups showed small increases in oxygon consumption at the end of a 
morning's observation, and 40 per cent showed small decreases in 
basal metabolic rate. This is not apparent- in Tables 1 and 11 be- 
cause they show t he average of all the basal metabolic rates for the 
morning’s experiment. Benedict and Campbell 14 were unable to de- 
tect from their data on a large number ot subjects any definite change 
in oxygen consumption during a morning’s observation. Furthermore, 
DuBois 15 could find no consistent change in basal metabolism during tin- 
day. Although our subjects lay quietly in the basal metabolic state, 
certain observations were being made upon them, i.o.. skin temperatures 
were taken over the anterior surface of the body at certain intervals 
and blood pressures and pulse rates were recorded. The tendency for 
the oxygen consumption to increase slightly in (50 per cent of the 
measurements during a morning’s observation was probably of no sig- 
nificance. On the whole, there was a rough linear relationship between 
the amount of peripheral blood flow and basal metabolic rate, for. at 
both 25° C. and 27° C. room temperature, there was a gradual increase 
in peripheral blood flow from those with the lower basal metabolic rate 
to tbo.se with the higher metabolic rale (Fig. 2a and 2b). This rela- 
tionship between basal metabolic rate and peripheral blood flow was 
much more apparent in the patients with myxedema'- and hyperthy- 
roidism- who were studied by Stewart and Evans (Fig. 2a and 2b). 


The group averages of rectal, skin, band, and foot temperatures wore 
higher at the room temperature of 27° than they were at 25° C. 
(Tables I and II). Analysis of Tables 1 and 11 shows that the average 
rectal temperature of the subjects who were studied at, 27° ('. was 
only 0.15° C. higher than that of those who were studied at 25- C, On 
the other hand, the average skin temperature was increased 0.7-1° C. 
by the higher room temperature. These observations serve to illustrate 
two points: In the first, place. Hardy and DuBois" 1 have shown that 
the average skin temperature increases about 0.5° C. for each 1.0° (.'. 
rise in environmental temperature. They made observations on their 
subjects in the Kussell-Sage Calorimeter. Although a calorimeter was 
not employed by us, our results show close agreement with those of 
Hardy and DuBois; 10 the average skin temperature of our subjects in- 
creased 0.37° C. for each 1.0° C. rise in room temperature (Tables 1 
and II). The slight difference in average rectal temperature at tho 
two room temperatures brings out the second point. Although there 
was a difference in environmental temperature of 2.(P between the 
two groups, the adjustments of human heat regulation were such that 
the average for the internal temperature of both groups of subjects was 
approximately the same. The constancy of internal temperature mav 
have been brought about by loss of heat through increased allotment of 
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blood to the surface, for the average peripheral blood flow was 21 
c.c./M 2 /Min. higher at the higher room temperature (Tables I and II). 

In those subjects upon whom more than one observation was made, 
the average internal and surface temperatures varied from one day to 
the next. In addition, these data and those of single observations show 
that the highest skin temperature did not always occur with the higher 
rectal temperature, and the warmest hands and feet were not always 
associated with the warmest skin (Tables I and II). It becomes appar- 
ent, therefore, that no direct relationship existed between any of the 
individual local temperatures. 

The blood pressures and pulse rates of all the subjects were normal. 
Small variations which occurred from day to day in the same subject 
were of no significance. 

SUMMARY 

By means of a method which has been employed by us in other 
studies, 1 ’ 7 seventy-five measurements of the peripheral blood flow in 
c.c./M 2 /Min. were made on thirty-four normal male subjects. In addi- 
tion, the basal metabolic rates, blood pressures, and pulse rates were 
recorded. The results may be summarized as follows: 

1. The peripheral blood flow under basal conditions at 25° C. room 
temperature showed a range from 8 to 7S c.c./M 2 /Min. in all instances 
except one, in which it was consistently higher. Peripheral blood flow 
was usually less with a lower basal metabolic rate and greater with a 
higher basal metabolic rate. The average for all subjects at this tem- 
perature was 52 c.c./M 2 /Min. 

The peripheral blood flow of the subjects who were studied at 27° 
C. room temperature ranged from 34 to 157 c.c./M 2 /Min. except for 
two instances, in which it was 8 and 13 c.c./M 2 /Min., respectively. 
Again, the peripheral blood flow usually varied in the same direction 
as the basal metabolic rate. The average for all subjects at this tem- 
perature was 73 c.c./M 2 /Min. 

There was overlapping of the level of peripheral blood flow at the 
two room temperatures, but, on the average, the flow was greater at 
the higher temperature. In four subjects who were studied at both room 
temperatures, the peripheral blood flow was greater at the higher room 
temperature. 

2. The average basal metabolic rate was the same in the two groups; 
that is to say, it was minus 6 per cent at 25° C., and minus 5 per cent 
at 27° C. Small increases in basal metabolism were recorded in 60 
per cent of the experiments at the end of a morning’s observations, and 
small decreases in 40 per cent. These changes were not of sufficient 
magnitude to be considered significant. 

3. The average rectal, skin, hand, and foot temperatures were higher 
at the higher room temperatures (27° C.). The increase in average sur- 
face temperature was approximately 0.4° C. for each degree rise in 



77 


STEWART AND EVANS: PERIPHERAL BLOOD PLOW 

room temperature. At the same time, the average rise in rectal tempera- 
ture was small. This constancy in rectal temperature appears to have 
been brought about by the allocation of. more blood to the surface of 
the body at the higher room temperature. 

4. The blood pressure and pulse rate were normal in each instance, 
and there were essentially no differences in the averages for the sub- 
jects who were studied at 25° C. and those at 27 C. 
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THE EFFECT OF SMOKING CIGARETTES ON THE 
PERIPHERAL BLOOD FLOW 


Willis F. Evans, M.D., and Harold J. Stewart, M.D. 

New York, N. Y. 

T HE effects of the smoking of tobacco on the peripheral vascular 
system, has been the subject of many investigations in recent years. 
Using the fall in finger temperature as an index of decreased peripheral 
blood flow, Haddock and Coller 1 have shown in man that the effects 
of smoking standard cigarettes could be reproduced by the intravenous 
injection of 1.0 mg. of nicotine. Haag 2 demonstrated in animals that 
the vasoconstriction and rises in blood pressure occasioned by the in- 
travenous injection of smoke solutions were proportional to their nico- 
tine content. Wright and Moffat 3 observed decreases in the finger-tip 
and toe-tip temperatures and vasoconstriction of the capillary loops of 
the nail fold, and concluded that there were no appreciable differences 
between the effects of standard cigarettes and cigarettes which contained 
only 40 per cent as much nicotine. In Wright and Moffat’s experience, 3 
as well as in that of Haddock and Coller, 1 smoking cigarettes which 
contained no nicotine was associated with only negligible changes. 

Mulinos and Shulman 4 employed the capillary microscope, the pleth- 
ysmograph, and the skin temperature in a correlation of the changes 
that occurred in the extremities as the result of smoking and deep 
breathing. They likewise found no difference in the effects of tobacco 
cigarettes of varying strengths. Moreover, they were of the opinion 
that the greater part of the observed decrease in peripheral blood flow 
could be accounted for by deep breathing. Abramson, Zazeela, and 
Oppenheimer, 5 who made plethysmo graphic studies of the hand, fore- _ 
arm, and foot, concluded that smoking probably causes decreased blood 
flow in the skin and not in the voluntary muscle. There is, therefore, 
confusion about the effect that tobacco has on the peripheral blood 
flow. 

Observations on the peripheral blood flow in all of these studies, 1 ' 5 
as pointed out, were based upon changes in the volume of an extremity 
as recorded by modified plethysmographs, on inferences about blood flow 
from changes in the skin temperature of an extremity, or on direct 
observation of the capillary loops of the nail fold. Since a relatively 
new method Avas aA\ailable for the measurement of peripheral blood 
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ftow,* it « m ed worth while to reinvestigate the efforts of tile smok- 
ing of tobacco,' and make a comparison with c.gnvcllcs winch 

tained no nicotine. , 

In the study now being reported, all of the subjects smoked regular 
(standard) cigarettes, commercially deuicotimzcd cigarettes, anc ciga- 
rettes made from cornsilk. Cornsilk was selected as a control sin- 
stance because it contains no nicotine. Four observations weremac e 
on three of the subjects to secure data concerning the cflcct of fill y 
denicotinized cigarettes. 0 In addition, two of the subjects smoked 
cigarettes through a water pipe. Measurements of the peripheral blood 
flow were made before, during, and after smoking. Ten normal male 
subjects whose ages ranged from 19 to 36 years were selected for study. 
Most of the subjects were physicians from the house staff of the New 
York Hospital. 


METHOD 


The measurements of peripheral blood flow were made by means of a modifica- 
tion® of the method of Hardy and Soderstrom." Hardy and Soderstrom have 
shown that, at temperatures below 2S° C., the slcin functions like a dead insulator 
when the subject is lying nude in the basal state, and that blood flow to the skin, 
thermal conductivity of the peripheral tissues, and vaporization are constant and 
minimum. With an increase in blood flow to the periphery, more hent is brought 
from the deeper tissues to the surface; this increases the thermal conductance of 
the superficial tissues, and, therefore, changes in thermal conductance become an 
index to peripheral blood flow. With this method, blood flow is expressed ns a 
function of heat loss, surface area, average shin temperature, and rectnl tempera- 
ture. The method requires the recording of skin and rectal temperatures at known 
intervals, and of oxygen consumption, height, and body weight. The skin tempera- 
tures were recorded with a Hardy -Soderstrom radiometer from 1] points on the ante- 
rior surface of the body. With this method the amount, of blood allocated to the 
whole periphery of the body is measured, rather than the flow in local areas, and 
may be expressed as e.c./M-/Min. In addition, the blood pressures and pulse rates 
were recorded between temperature readings. Electrocardiograms, including Lead 
IV F, were taken immediately before and during the smoking of the various types of 
cigarettes. 


FLAN OF PROCEDURE 


The plan of procedure was essentially the same as that described in a recent pub- 
lication.® In the present study, measurements of skin and rectal temperatures were 
made at ten-minute intervals instead of at twenty-minute intervals, as in previous work. 
Each set of measurements covered ninety minutes. The blood pressures and pulse 
rates were recorded during free intervals between temperature readings. The basal 
metabolic rate was measured before smoking, immediately after smoking, and again 
at the end of a morning’s observations. For the period before smoking the first, 
basal metabolic rate was used in the calculation of peripheral blood flow For the 
period during smoking the average of the oxygen consumption before and imme- 
diately after smoking was used for calculating peripheral blood flow. For the 
phase after smoking, the difference between the oxygen consumption immediately 
after sm oking and that at the conclusion of the experiment was divided by the 


*We wish to thank Dr. Harvey B. Harm Professor 
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number of periods of peripheral blood flow measurements in such a way that it 
was properly apportioned among these periods. One type of cigarette was smoked 
during a morning’s observations. Only those subjects were chosen who were 
accustomed to smoke and inhaled while smoking. The subjects smoked, in suc- 
cession, two-thirds of two cigarettes at their normal inhalation depth and fre- 
quency; exaggerated smoking was avoided. The duration of smoking varied with 
the subjects from sixteen to eighteen minutes. A room temperature of 27° C. 
with a relative humidity of approximately 40 per cent, was maintained. The' 
cigarettes, whether regular (standard) or commercially denicotinized, were of the 



Fig. 1. — Data relating to the effect of smoking different types of cigarettes on 
Subject G. V. The open square in the solid areas indicating the average peripheral 
blood flow marks the lowest level the peripheral blood flow reached as a consequence 
of smoking. 

same brand for all subjects. They were purchased on the open market. The reg- 
ular and commercially denicotinized cigarettes contained 1.88 per cent and 0.79 
per cent of nicotine, respectively.® When the water pipe was employed, commer- 
cially denicotinized cigarettes were used. The fully denicotinized cigarettes were 
prepared after the technique of Weatherby. 9 Cigarettes made from eornsilk were 
of approximately the same size, weight (1 Gin.), and texture as the foregoing types. 

RESULTS 

The data relating to subject G. V. (Fig. 1) serve to illustrate the 
effects of smoking the different types of cigarettes. The averages for 
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, . v „ Vur 2 The data on all subjects are sum- 

all subjects are shown in 1 1 0 . 

"tS on re**** »•* 

flow decreased in all instances during smoking, ictau css • 

the cigarettes were regular ones, commercially denieotini/cd i ■ 

! -^in-Xr made of cornsilk (Fig. 1. Table 1). Tn all instances the 



Key: □ Regular Giq. I Fully Denic. Giq. 
i CommercL Denig. Ciq.® cornsilk ciq. 


Fig. 2. — Changes In average peripheral blood flow us per cent of the control levels, 
as well as the average blood pressures and average pulse rates of all subjects before, 
during, and after smoking regular, commercially dcnicotfnlzed, and fully dcnlcotlnized 
cigarettes, and cigarettes made from cornsilk. 

peripheral blood flow continued to fall in one or more experiments in 
the first part of the period after the subjects had stopped smoking, 
hut began to rise toward the control levels by the end of thirty minutes 
after cessation of smoking. In others, after the fall in peripheral blood 
flow which accompanied smoking, there was a return to control levels 
as soon as the smoking was discontinued. In the average values given 
for the periods before, during, and after smoking these trends would 
not be shown (Table I). 
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Table 


Data Relating to the Effect 



CIGARETTE 

TYPE* 

AY. PERIPHERAL BLOOD FLOW 
C.C./.M2/MIN. 

AV. 

BLOOD PRESS. 
MM.lIg 

AV. PULSE RATE 
PER MIN. 

BE- 

FORE 

DUR- 

ING 

AFTER 

LOWEST 
LEVEL AS 
RESULT 
OF SMOK- 
ING! 

BEFORE 

DURING 

AFTER 

BE- 

FORE 

DUR- 

ING 

AFTER 



103 

115 

105 

54 

99/G5 

111/74 


52 

62 

58 


3 • 

134 

S2 

71 

2 

100/05 

112/77 


48 

61 

48 



97 

56 

54 

38 

99/02 

111/74 


49 

61 

55 



140 

104 

97 

42 

100/05 

112/78 

IpISffS 

55 

63 

59 



119 

71 

95 

0 

101/57 

112/09 


48 

62 

52 

E. B. 

Reg. cig. 

119 

OS 

7G 

0 


117/83 

107/73 

67 

83 

71 

Male 

Comm, denic. 

S5 

50 

40 

25 

107/73 

119/81 

119/90 

61 

83 

73 

24 

Fully denic. 

49 

35 

07 

0 

t MM 

117/80 

108/78 

67 

80 

69 


Water pipe 

97 

50 

4S 

0 


122/80 

118/78 

62 

70 

67 


Cornsillc 

70 

24 

32 

12 

E M! 

118/80 

109/79 

08 

79 

65 

F. H. 

Reg. cig. 

4G 

19 

37 

14 

Bbr/t 

108/70 

111/70 

59 

67 

61 

Male 

Comm, denic. 

113 

58 

129 

5S 

StiflE : 

10S/71 

105/07 

64 

70 

60 

28 

Fully denic. 

41 

S 

38 

0 

113/71 

123/80 

117/77 

59 

80 

67 


Fullv denic. 

07 

30 

03 

30 


114/80 

107/73 

56 

72 

72 


Cornsilk 

72 

34 

32 

0 


118/81 

107/71 

61 

76 

61 

R. T. 

Reg. cig. 

GO 

39 

G5 

39 

114/73 

120/80 

120/79 

G5 

96 

72 

Male 

Comm, denic. 

108 

44 

23 

14 

10S/G9 

124/S4 

115/77 

59 

91 

68 

28 

Cornsilk 

SO 

4G 

41 

9 

111/70 

119/83 

117/70 

60 

8S 

63 

F. D. 

Reg. cig. 

01 

50 

101 

5G 

mWVl 

118/80 

mi snail 

57 

69 

57 

Male 

Comm, denic. 

120 

73 

50 

10 

flPSni 

118/80 


5S 

72 

62 

22 

Cornsilk 

11G 

2 

53 

2 


118/83 

Warn 

60 

78 

62 

W. B. 

Reg. cig. 

77 

44 

25 

0 

112/07 

119/83 

120/79 

5G 

79 

65 

Male 

Comm, denic. 

54 

4 

101 

4 


121/85 

109/70 

61 

92 

76 


Cornsilk 

72 

34 

32 

0 

95/09 

114/70 

114/06 

42 

76 

66 

L. E. 

Reg. cig. 

87 

95 

24 

0 


123/74 

112/60 

55 

88 

63 

Male 

Comm, denic. 

72 

Gh 

14 

0 

112/01 

120/72 

117/65 

43 

91 

62 

31 

Cornsilk 

49 

95 

23 

3 

105/00 

119/07 

110/65 

50 

65 

49 

£$ag-.ratsii 

Reg. cig. 

13 

21 

8 

0 

101/04 

114/09 

114/67 

00 

69 


gfgnHj 

Comm, denic. 

87 

45 

99 

0 

96/58 

108/71 


64 

73 

59 

1 

Cornsilk 

S3 

39 

33 

0 

90/04 

100/07 


57 

65 

65 

R. B. 

Reg. cig. 

39 

10 

55 

10 


122/81 

117/77 1 

60 

86 

76 

Male 


S9 

74 

43 

0 

iimi 

113/81 


65 

78 

69 

27 

Cornsilk 

35 

44 

12 

0 

3 m 

117/79 

Sail 

63 

75 

70 

W.S. 

Reg. cig. 

82 

85 

30 

0 

121/81 

133/94 

121/80 

71 

102 

63 

Male 


93 

2 

34 

0 

113/73 


115/79 

71 

91 

83 

28 

Cornsilk j 

S3 

70 

33 

0 

112/70 


118/77 

55 

68 

59 


‘Key: Reg. cig. = regular or standard cigarettes (approx. 1.9 per cent nicotine) 

Comm, denic. = commercially denicotinized cigarettes (approx. 0.8 per cent nicotine) 
Fully denic. — fully denicotinized cigarettes (contain no nicotine: prepared accord- 
ing to technique to bo reported by Weatherby) 

Water pipe = comm, denic. cigarettes smoked through a water pipe containing cold 
water (nicotine and some irritating substances removed) 

Cornsilk = cigarettes made from cornsilk (no nicotine) 
f Lowest observed level of blood flow as the result of smoking (amounts too small to meas- 
ure are marked zero — 0). 
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Effects of Smoking on Basal Metabolism— 1 The basal metabolic rate 
increased slightly, either immediately after smoking or at the conclu- 
sion of the measurements, about twice as often as it decreased, regard- 
less of the type of cigarette smoked (Table I). The increases or de- 
creases in oxygen consumption, however, were no greater and were 
of the same frequency as those among persons of the same age group 
who lay quietly for the same length of time Avithout smoking. 10 

Effect of Smoking on Blood Pressure and Pulse Rate. — Both the blood 
pressure and pulse rate rose after smoking eA r ery type of cigarette. 
The rises Avere of approximately the same magnitude and duration, 
regardless of the type of cigarette. Similar changes took place Avhen 
the Avater pipe Avas used (Fig. 1, Table I). 

Effect of Smoking on Skin Temperature. — A decrease in average skin 
and hand temperature occurred during and after the smoking of each 
type of cigarette in all but five instances (Subjects E. B., L. E., and 
F. IT., Table I), and Iavo instances (Subject F. II., Table I), re- 
spectively. The foot temperature always decreased. The decrease in 
the temperature of the hand and foot as the result of smoking Avas 
greater than average A r ariations in skin temperature. By comparison, 
the fall in foot temperature Avas more marked in most instances than 
that in hand temperature (Table I, Fig. 1). 

Effect of Smoking on Rectal Temperature. — The rectal temperature 
rose after smoking in all except one instance (Subject L. E.), and to 
approximately the same extent regardless- of the t.ype of cigarette 
(Fig. 1, Table I). 

Effect of Smoking on Electrocardiograms. — Smoking every type of 
cigarette resulted in an increase in heart rate. The most common 
change Avas a decrease in the amplitude of the T AvaA r es in one or more 
leads; this occurred in 71 per cent of the tests. An increase in ampli- 
tude occurred in 20 per cent of the tests, and no change in 9 per cent. 
When the amplitude decreased in several leads it might increase in 
one lead, or the T AvaA r e might become negative, decrease in negatmty, 
or become upright. No correlation A\ r as apparent betAveen an increase 
or decrease in amplitude and the type of cigarette. That is to say, as 
marked a change Avas produced by smoking cornsillc, fully denico- 
tinized cigarettes, or commercially denicotinized cigarettes as by smok- 
ing regular cigarettes. The maximum change in amplitude A\ r as about 
1 mm. The greatest change usually accompanied the greatest change 
in heart rate. 

DISCUSSION 

The peripheral blood Aoav decreased as the result of smoking in all 
instances, regardless of aaIi ether the subjects smoked regular, commer- 
cially denicotinized, fully denicotinized, or cornsilk cigarettes, or smoked 
cigarettes through a Avater pipe (Table I, Fig. 2). It must be empha- 
sized that the subjects Avere normal persons in the third decade of life, 
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and were free from arterial disease. The greatest percentage decrease 
in blood flow took place when the subjects smoked eommcrcialh and 
fully denicotinized cigarettes (Fig. 2). In some instances the penphera 
blood flow continued to fall after the subject stopped smoking, but m all 
it had begun to return to, or had attained, control levels at. the end of 
thirty minutes after smoking (Table I, Fig. 1). The kind of cigarette 
smoked had no bearing on whether the peripheral blood flow continued 
to fall or began to return toward control levels, or on how much the 
peripheral blood flow decreased as the result of smoking (Table I). 

Wright and Moffat/' observed a decrease in the blood flow in the finger 
tip and toe tip when their subjects smoked cigarettes containing nicotine, 
but no effect when cigarettes prepared from shredded, ashless filter 
paper were smoked. We used cornsilk as a control because cigarettes 
made from it simulated tobacco cigarettes in texture, weight (approxi- 
mately 1 Cm.), size, and moisture content, and the smoke could be 
inhaled with ease. Ease of inhalation of the smoke and the basal meta- 
bolic state were required in order to have as many factors constant as 
possible. Ashless filter paper cigarettes prepared according to the 
technique of Wright and Moffat* did not conform to the standards as- 
set forth in the plan of procedure. We prepared and attempted to use 
a cigarette made of ashless filter paper in order to repeat Wright and 
Moffat’s observations with our method of measuring peripheral blood 
flow. Because the smoke could not be inhaled without causing violent 
coughing, data collected on tAvo subjects (L. E. and W. S., Table 1) 
with the use of these cigarettes were not considered sufficiently accu- 
rate for comparison, and further tests were not carried out. 

Our observations on peripheral blood Aoav with respect, to the smok- 
ing of regular cigarettes were similar to the inferences drawn by 
Maddock and Coller 1 and Wright and Moffat 3 from the fall in skin 
temperature. On the other hand, when their subjects smoked ciga- 
rettes that contained no nicotine, only a negligible fall in the skin 
temperature of the fingers was observed. Using cubeb for comparative 
or control cigarettes, as was done by Maddock and Coder, 1 may lead 
to confusion, for this substance may have some medicinal properties, 
and is employed in the treatment of asthma. 


Our observations are not strictly comparable to those of Maddock 
and Coder 1 and "VY right and Moffat 3 because they measured the tem- 
perature of the fingers, which is labile. In the method Are employed 
the average skin temperature is secured by weighting temperatures 
from several parts of the body. 8 The temperature and blood flow in 
one part of the body may alter in a different way from another part 


The method we employed in these studies takes account of the 
peripheral blood flow for the whole body surface in c.c./MVMin The 
surface area of the hands and feet together represents 12 per cent of 
the total body surface, according to the estimates of Hardy DuBois 
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and Soderstrom j 11 the finger 1 and the finger tips and toe tips 3 consti- 
tute only a very small percentage of these parts. Moreover, the method 
we have employed not only takes into account the other 88 per cent 
of the surface area, but also the rectal temperature, which has been 
given a weighting of 80 per cent of the total body mass by Hardy, 
DuBois, and Soderstrom. 11 

Mulinos and Shulman 4 have stated that deep breathing alone can 
account for the greater part of the decrease in blood flow to the hand. In 
thirteen of sixteen subjects they found that a single deep breath caused 
complete cessation of blood flow through the capillary tuft of the nail 
fold. Deep breathing of room air did not bring about this result in 
any of the subjects studied by Wright. 12 Mulinos and Shulman 4 and 
Wright, 12 however, did not qualify the depth of the inspiration taken 
by their subjects. If their subjects took a full inspiration, their in- 
halations would be exaggerated in comparison with those during 
normal smoking. In the studies now being reported, exaggerated 
smoking technique was not employed. The subjects inhaled, as men- 
tioned earlier, with their normal depth and frequency. This type of 
inspiration did not induce any significant change in skin temperature. 
Moyer and Maddock 13 found that when smoking was simulated, only 
negligible effects were observed in their subjects. We measured the 
effect of breathing pure oxygen and hot air upon the peripheral blood 
flow, and observed no decrease in blood flow or rise in blood pressure 
or pulse rate. Decreases in blood flow as the result of smoking the 
various types of cigarettes used in this study, therefore, were not at- 
tributed to the nicotine content, to the depth of inspiration, or to the 
inhalation of oxygen or hot air, but to the smoke itself. 

As a result of smoking the different types of cigarettes, the basal 
metabolic rate of the group increased slightly about twice (69 per 
cent) as often as it decreased (31 per cent) (Table I). Eighty-two 
per cent of the subjects studied by Hiestand, Ramsey, and Hale 14 
showed an increase in basal metabolic rate. Their subjects smoked 
regular cigarettes only, and were not studied under basal conditions. 
The results of our studies on subjects in the basal metabolic state 
showed that, when regular cigarettes were smoked, slight increases 
occurred in 69 per cent, and decreases in 31 per cent, of the observa- 
tions (Table I). These data are in close agreement with recent measure- 
ments by Goddard and Voss. 15 Their subjects were observed while smok- 
ing regular cigarettes under basal conditions. They found an increased 
metabolic rate in 60 per cent of their subjects and a decreased rate in 
35 per cent. These changes do not appear to be significant with re- 
spect to the effect of tobacco on the basal metabolic rate, for the in- 
creases and decreases in oxygen consumption were no greater than 
those which occurred in normal persons of the same age, who lay 
quietly for the same length of time without smoking. 10 
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Increases in pulse rate and Wood pressure were observed as the 
result of smoking the various types of cigarettes. Those changes vrn 
of the same magnitude and duration, regardless of the kind o ciga- 
rette (Figs. 1, 2) (Table I). Main’* found that fully deiucotim/ed 
cigarettes caused less rise in blood pressure and pulse rate than did 
regular cigarettes. His results, however, wore obtained from a stand- 
ard exaggerated smoking technique. Maddoek and Col lei oisu\Cf 
no change in blood pressure or pulse rate when their subjects used a 
water p^pe or smoked eubcb, but definite increases in blood pressure 
and pulse rate occurred when regular cigarettes were smoked. "When 
our subjects used the water pipe, a definite increase in blood pressine 
and pulse rate was observed (Table I, Fig. 1). The difference between 
these observations and those of Maddoek and Collcr’ may possibly be 
explained by the choice of method. The use of eubcb, as mentioned 
earlier, as a control makes evaluation of the results difficult, because 
it has been smoked by asthmatics to relieve their attacks. Tf smoke 
itself brings about peripheral vasoconstriction, with increases in blood 
pressure and pulse rate, it seems quite possible that those ofieefs may 
have been nullified by that substance in eubcb which relieves attack's 
of asthma. Although the subjects of 'Wright and Moffat 3 smoked 
cigarettes which contained no nicotine, their report showed no data 
relating to changes in pulse rate or blood pressure. 

There was a decrease in average skin temperature in all except one 
instance when the subjects smoked regular cigarettes (E. 13,), and com- 
mercially denicotinizcd cigarettes (L. E.), but. in every instance after 
cornsilk cigarettes (Table I). Small increases in average skin 
temperature were observed in two out of four observations, when 
two of three subjects smoked fully denicotinizcd cigarettes. Two 
of the four experiments were done on the same person (F. Ik. 
Table I). The first observations on this subject showed a fall in 
average skin temperature as the result of smoking, the subsequent one, 
a rise. At the same time, this subject showed small increases in hand 
temperature and moderate decreases in foot temperature during both 
experiments. The other subject, who showed an increase in average 
skin temperature as the result of smoking fully denicotinizcd ciga- 
rettes, also showed an increase when the water pipe was employed. 
The hand and foot temperatures fell during both experiments on this 
subject (E. B., Table I). 

Not only subjects F. IT. and E. B., but eacli subject in the group 
showed a varying response to smoking from one experiment to the 
next. For example, at a time when subject B. B. (Table T) showed 
the greatest decrease in average skin temperature, the least decrease 
occurred m the temperature of his extremities. Subsequent observations 
on this subject showed the reverse type of response. Analysis of the 
da a m Table I shows that other subjects responded in a simibn m!t 
ner. These data demonstrate, therefore, that a subject reacted differ- 
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ently from day to day, and that there was no direct relationship be- 
tween the average skin temperature and the temperature of the hand 
or foot (Table I). 

Goddard and Voss 15 reported that the body temperature was usually 
higher after smoking. They did not specify, Jiowever, how or where 
the body temperature was measured. In our experiments, rapid in- 
creases in rectal temperature resulted from smoking in all but one 
instance, in which a fall occurred. This took place when one of the 
subjects (L. E.) smoked regular cigarettes (Table I). We wish to 
emphasize the increase in rectal temperature. We think that the sud- 
den rises in rectal temperature are important as an index of peripheral 
vasoconstriction and decreased peripheral blood flow, for the internal 
temperature represents about 80 per cent of the total body mass. 11 
The sudden increases in rectal temperature indicated increased heat 
storage. Examination of the data showed that increased heat storage 
could be accounted for only in part by increased heat production 
(basal metabolism). It follows, therefore, that the body stored heat 
because peripheral vasoconstriction decreased the allocation of blood 
to the surface. The peripheral vasoconstriction and decreased periph- 
eral blood flow were such that 80 per cent of the body mass gained 
heat rapidly. 

The most common change in the electrocardiogram caused by smok- 
ing was lowering of the amplitude of the T waves. This change was 
slight, and usually did not exceed 1 mm. An increase in amplitude, 
as well as no change, was also recorded. Since these effects were pro- 
duced by smoking cornsilk, fully denicotinized cigarettes, and commer- 
cially denicotinized cigarettes, as well as regular cigarettes which con- 
tained nicotine, it is apparent that they cannot be attributed to the nico- 
tine content of smoke. These results are similar, in the main, to those 
described by Graybiel, Starr, and White. 1, They attributed the 
changes which they recorded to the nicotine content of tobacco smoke, 
but our observations make it appear unlikely that nicotine is re- 
sponsible. The changes are similar to those observed by Hartwell, 
Burrett, Graybiel, and White 18 after exercise and atropinization, and 
may be associated with the increase in heart rate and whatever adjust- 
ments increase in rate may require in the organism. 

The observations now being reported have shown that smoke which 
contained no nicotine had the same effect ( decrease in peripheral blood 
flow, increase in blood pressure and pulse rate) as smoke which con- 
tained it. It is apparent that nicotine cannot be responsible for the 
effects we have observed, and the question naturally arises as to what 
the cause may be. Willius, in the course of his discussion of a paper 
on “Tobacco and Coronary Disease,” by English, Willius, and Berk- 
son, 19 said, in part: “You will note that we have carefully avoided 
the use of the term nicotine, but said tobacco smoke, because we have 
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reasons to believe that probably more than the chemical ageilt mcotnli* 

plays a part.” „„ „ , 

Haag, 2 working with animals, demonstrated that the effects of smoke 

solutions were proportional to their nicotine content. In addition, it 
has been shown by Haddock and Collev 1 and Haag 2 that nicotine alone, 
without smoke, may induce changes in the circulation similar to those 
we have described. The work of Ilaag indicates that nicotine has a 
quantitative effect, but the results of Wright and Moffat 3 and Mulinos 
and Shulman 4 showed no essential difference between the effects of 
smoking standard cigarettes and cigarettes which contained only 40 
per cent as much nicotine. If nicotine had been the responsible factor 
in our experiments, changes of greater magnitude might have been 
expected from cigarettes which contained it because of the additive 
effect of smoke and nicotine, for denicotinized cigarettes brought about 


similar changes. Such an additive effect was not observed in any 
instance. Sympathetic stimulation brought about by the irritating 
effect of smoke upon the respiratory tract, independent of nicotine, 
may be responsible for the changes we have observed. 

The smoking of tobacco has been generally regarded as deleterious 
in certain peripheral vascular diseases. The data now being pre- 
sented indicate that smoking any type of cigarette may be harmful, 
and that smoking denicotinized cigarettes is not a substitute for not 
smoking. 


SUMMARY 


The effect of smoking cigarettes on the peripheral blood flow was 
studied by means of a method with which the average amount, of blood 
allotted to the periphery can be measured in c.c./M 2 /Min. Peripheral 
blood flow was measured in ten normal male subjects. Effects on the 
electrocardiogram, basal metabolic rate, blood pressure, and pulse rate 
were also recorded. Studies were made before, during, and after the 
smoking of regular cigarettes, commercially denicotinized cigarettes, 
and cigarettes made from cornsilk. Observations were made on ten 
male subjects whose ages ranged from 19 to 36 years. Pour observa- 
tions relating to fully denicotinized cigarettes were made on three of 
the subjects. Measurements were made also when two of the subjects 
smoked cigarettes through a water pipe. 


1. As a result of smoking, a decrease in peripheral blood flow oe- 
curred in eveiy instance, regardless of the type of cigarette smoked. 
Alter cessation of smoking, the peripheral blood flow continued to de- 
crease in some eases and began to return toward control levels in 
others. In all, a return toward normal had begun by the end of thirty 
minutes after smoking had stopped. 


2. An increase in blood pressure and pulse rate of essentially the 

curette 1 ' eSnltea tnm every type of 
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3. The average skin temperature decreased in all but five experi- 
ments. The hand temperature fell in every instance except two. The 
foot temperature always decreased. The decrease in foot temperature 
was greater than that in hand temperature on all but two occasions. 

4. Rapid rises in rectal temperature occurred in all experiments 
except one. These rapid rises in rectal temperature were considered 
an important index to peripheral blood flow. 

5. As the result of smoking, small increases in basal metabolic rate 
were observed about twice as often as small decreases. The change 
had no relationship to the kind of cigarette, and was of about the 
same amount and duration as the changes which occur when normal 
subjects lie in bed for the same length of time without smoking. 

6. The changes in the electrocardiogram were slight and probably 
of no significance. 

7. Since these changes occur after smoking cigarettes which do not 
contain nicotine as well as those which do, they are not to be attributed 
to nicotine. It is suggested that sympathetic stimulation brought 
about by the irritating effect of smoke upon the respiratory tract may 
be responsible for the changes we have observed. 

8. It appears that smoking not only regular cigarettes, but also 
denicotinized cigarettes or cigarettes of any type should be avoided 
in the presence of peripheral vascular disease. 
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THE COURSE OF THE BLOOD PRESSURE BEFORE, DURING, 
AND AFTER CORONARY OCCLUSION 

Arthur M. Master, M.D., Harry L. Jaffe, M.D., Simon Dacic, M.D., 

and Nathan Silver, M.D. 

New York, N. Y. 

AN EARLY fall in blood pressure is one of the cardinal signs of coro- 
nary occlusion, 1 and its importance in the differentiation of this 
disease from angina pectoris was recognized as early as 1915. 2 There 
has been relatively little systematic study of the course of the blood 
pressure during the entire attack. Observations on the blood pressure 
in the years subsequent to the attack have been reported by Palmer 3 and 
Master, et al. 1 ’ 5 The present report is based on a detailed study of the 
blood pressure before, during, and after coronary occlusion in a large 
series of cases. 

Particular interest was paid to the following: the influence of hyper- 
tension on prognosis during and after the attack; the number of pa- 
tients who lose their hypertension during the attack and recover it 
later; the relation of the fall in blood pressure to the height of the 
blood pressure prior to the attack; the significance of the rapidity and 
degree of fall in blood pressure and in pulse pressure; the causes of 
the immediate fall in blood pressure and of the permanent lowering 
after recovery; the influence of hypertension after the attack on the 
development of angina pectoris, heart failure, coronary occlusion, and 
death. 

material 

Blood pressures were recorded frequently after five hundred tliirty-eight 
attacks of acute coronary occlusion. Slightly over half of these were initial at- 
tacks and the remainder were second or third attacks (Table I). Four hundred 
sixteen of the attacks occurred in men and one hundred twenty-two in women 
(Table II), a ratio of 3.4 to 1, which is usual. Recovery occurred in three hundred 
eiglity-tliree cases (71 per cent), and two hundred five of these patients were 
followed for a period of one to seven years (average, three and one-half to 
four years 4 - c ). In these cases blood pressure readings .were taken every three to 
six months and were correlated with the degree of functional recovery and the 
presence of angina pectoris, heart failure, and subsequent attacks of occlusion. 
The latter occurred in fifty-one patients. 

RESULTS 

Incidence of Hypertension Prior to the Attach . — We employed the 
following criteria in judging whether hypertension had been present 
before the attack: (1) a systolic pressure of 150 mm. or more at any 
time during observation ; (2) a diastolic pressure of 96 mm. or more 
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cent of the patients had 

Eleven per cent had been non typer cn , vcre seen 

X E?£ S did not reach 

a hvnertenrive level even after recovery. The actual me.denee of 
hypertension was doubtless greater than 68 per cent for at “»' > 
cSts, this figure was based on readings obtained oriy among the 
attach, when the blood pressure was low. In f»vm °J tin _™» “ J 
fact that the incidence of hypertension m the cases of fatal Co , 
occlusion was much lower than in those of nonfatal occlusion (T, 

I) Since previous hypertension does not significantly affect the moi- 
tality rate in the attach, 6 one may assume that hypertension was as 
common when the attach was fatal as when it was not. A low figure 
was observed among the patients who died because their blood pressure 
did not return to previous levels. It is probable, therefore, that the 
incidence of hypertension in our series was at least 70 to 75 per cent. 


m i tit r> T 


Incidence of Previous Hypertension 
538 Attacks 


ATTACK 

NO. 

HYPERTENSION 

PROBABLY 
NORMAL B.P. 

NORMAL B.P. 

Initial 

Nonfatal 

Fatal 

207 

70 

1 

146 ( 71 %) 

34 (49%) 

53 (25%) 

14 (20%) 

8 ( 4%) 

22 (31%) 

Multiple 

Nonfatal 

Fatal 

176 

85 

136 (77%) 

54 (64%) 

21 (12%) 

20 (24%) 

19 (11%) 

11 (12%) 

Total 

538 

370 (69%) 

108 (20%) 

60 (11%) 


Tadee II 

Incidence of Previous Hypertension by Sex 
538 Attacks 





PROBABLY 


SEX 

NO, 

HYPERTENSION 

NORMAL B.P. 

NORMAL B.P. 

Male 

416 

267 (64%) 

89 (21%) 

60 (15%) 

Female 

122 

99 (81%) 

17 (14%) 

6 ( 5%) 


Hypertension was more frequent with multiple than with initial at- 
tachs (Table I) and in women than in men (Table II). Sixty-four per 
cent of the men and 80 per cent of the women had an elevated blood 
pressure at one time or another. 

The frequency of hypertension increased with age. We have pre- 
viously shown 6 that the incidence rises from 28 per cent at the age of 
25 to 34 years to 80 per cent at 75 years and over. In the present 
series, twenty-five patients were less than 40 years old, and only nine 
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of these (36 per cent) had hypertension. Thus the incidence was half 
of that in the aged. This relatively low frequency of hypertension in 
the young was observed also by Glendv, Levine, and White. 7 


Table III 

Course of Blood Pressure During Acute Attack 
205 Cases 



RAPID FALL 

gradual fall 

Hypertensive 

34.5% 

' 29.5% 

Nonhypertensive 

22.5% 

13.0% 

Total 

57.0% 

42.5% 


The Blood Pressure During the Attack . — The blood pressure always 
fell during the attack. Although the rapidity and degree of fall varied 
considerably, we have been able to classify the blood pressure course 
during and after the attack into several types, according to the initial 
level, the degree and rapidity of fall and return toward the previous 
level, and the outcome of the attack. Graphs were drawn to illustrate 
each type; each graph was based on the actual readings in a repre- 
sentative case. The results are summarized in Table III. 
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Fifty-seven per cent of the patients (Table III) showed a rapid fall, 
that is, in the first three days the blood pressure fell to a level ap- 
proaching the lowest pressure during the attack (Figs. 1, 2, 5, i, 9). 
In 42.5 per cent the fall was gradual, reaching a low level in one to 
three weeks (Figs. 4, 6, 8, 9). Occasionally a week or more elapsed 
before a significant fall became evident; this was observed also by 
Allen. 8 In the majority of cases the lowest pressure was reached be- 








Fig. 3. 


with, hypertension. The most rapid fall seemed to occur in nonhyper- 
_ i • r* nf+rinir wno fnt.nl (’Fie'. 91. In tiie hypeitcn- 


tensive cases m which the attach was fatal (Fig. 9). In the hyperten- 
sive group the incidence of a rapid fall was the same m the fatal and 
norifatal cases. It appears from a study of the graphs that, in general, 
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Table IV 

Incidence of Systolic Blood Pressure Below 100 mm. During Acute Attack 

538 Cases 



HYPERTENSIVE 

NONHYPERTENSIVE 

TOTAL 

CASES (370) 

CASES (168) 

538 

NONFATAL 


NONFATAL 

FATAL 

First Day 

3% 

10% 

14% 

31% 

9% 

Lowest 

24% 

31% 

48% 

50% 

34% 

Discharge 

4% 

21% 

19% 

28% 

13% 


the trend of the blood pressure curves was similar in the hypertensive 
and nonhypertensive groups; of course, the absolute fall in pressure 
was greater in the hypertensive group. 
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Fig. 4. 


Although one is likely to associate coronary occlusion with a pre- 
cipitate fall in pressure, that is, to less than 100 mm. during the first 
day, this occurred in only 9 per cent of our cases (Figs. 3, 7, 9). Fre- 
quently the fall was not great in the first twenty-four hours (Table 
IV). In hypertensive patients the systolic pressure rarely fell below 
90 mm., and, in only 26 per cent, did it go below 100 mm. during the 
attack; these figures were practically never reached on the first day 
of the attack (Table IV). Of the nonhypertensive patients, on the 
other hand, the systolic blood pressure fell below 90 mm. at some time 
during the attack in 38 per cent, and below 100 mm. in almost half; 
the latter level was present on the first day in 22 per cent (Tables IV 
and VI). As might be expected, the frequency of systolic blood pres- 
sures below 100 mm. was greater when the attack was fatal; this was 
true in both the nonhypertensive and hypertensive groups (Table IV). 
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The more precipitate and marked the fall, the more severe the attack 
and the greater the degree of shock. 8 A systolic pressure below 80 mm. 
was usually of grave significance . 1 ’ 0 However, the fall in blood pres- 
sure at the onset of the attack was not always of paramount prognostic 


BLOOD PRESSURE IN COSOU 4 RY OCCLUSION (20s cases) 

j I i I ! i j j j 

i LIVING NON- HYPERTENSIVES 




_2.S 3.0 Dai s_ 


Fig-. 0. 


significance, for, occasionally, a patient recovered in spite of an initial 
systolic blood pressure of 70 or 80 mm. 10 On the other hand, two pa- 
tients died early in the attack when their systolic blood pressure was 
still over 200 mm. 
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The actual fall in pressure depended largely upon the initial level 
(Tables Y and YI). Thus, in 20 per cent of the patients who survived 
and had an initial systolic pressure of 200 mm. or more, the pressure 
did not fall below 150 mm., and in only 11 per cent did it fall below 
100 , mm. (Figs. 1 and 2). In this group the pressure not infrequently 
fell only slightly during the first four or five days (Fig. 3). On the 
other .hand, in the group with a previous blood pressure of 150 to 190 
mni;, a fall below 150 mm. occurred in all but 3 per cent, and below 
100 mm. in 30 per cent (Fig. 4). 


Table V 

Relation of Previous Systolic Blood Pressure to Lowest Pressure 
During Acute Attack 

19 S Cases of Hypertension 


PREVIOUS B.P. 

NO. 

B.P. DURING ATTACK 

150- 

100-150 

100 

200- 

45 



5 (11%) 

170-199 

76 

5 (7%) 

47 (62%) 

24 (31%) 

150-169 

77 

3 (4%) 


24 (31%) 

Total 

19S 

17 (S%) 

12S (65%) 

53 (27%) 


Table YI 

Relation of Previous Systolic Blood Pressure to Lowest Pressure 
During Acute Attack 

86 Patients Without Hypertension 


PREVIOUS B.P. 

NO. 

| B.P. DURING ATTACK 

110-119 

100-109 

90-99 

90 

130-149 

17 I 

3 

5 

6 

3 

110-129 

61 

5 

11 

20 

25 

100-109 

■ 8 

0 

1 

2 

5 

Total 

SG 

8 (9%) 

17 (20%) 

28 (33%) 

33 (38%) 

Nonfatal 

3S 

4 

9 

17 

S (21%) 

Fatal 

48 

4 

8 

11 

25 (52%) 


Occasionally the onset of coronary occlusion with severe pain was 
associated with a transitory rise in blood pressure which sometimes 
reached 200 mm., systolic. This was noted also by Weiss 11 and Seherf 
and Boyd. 12 

Although the blood pressure usually fell progressively, and reached 
its lowest level between the twelfth and twentieth days (Fig. 1), this 
was not always the case. In a small group of patients with hyperten- 
sion, totaling 3 per cent of the series (Fig. 2), the fall in blood pres- 
sure was interrupted by a transitory rise eai’ly in the attack, followed 
by a secondary fall in the second week. In another small group (2.5 
per cent) of hypertensive patients (Fig. 2), the early rise which fol- 
lowed the initial drop was permanent, and the blood pressure remained 
elevated throughout the patient Is hospital stay, although pre-attack 
levels were not attained. In cases in which the attack was fatal the 
blood pressure generally persisted at its lowest levels until death. 
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However in a small group of hypertensive patients who survived foi 
S,; or week* the initial rapid fall was followed by . ** 
vise before death (Fig- 7). Similarly, in a small group o non vypet- 
tensive patients the Wood pressure actually returned to noimal befo.o 

death (Fig. 9). 
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Table VII 

Relation- or Smallest Pulse Pressure to Mortality Rate 
During Acute Attack 


53S Casks 


PULSE PRESSURE 

HYPERTENSIVES 

NONHYPERTENSIVES 

NO. 

MORTALITY 

NO. 

-MORTALITY 

70 -T9 

o 

0 

0 



«5*j 

21% 

o 


30-49 

145 

20% 

44 

1 '. *1 


131 

23% 

09 


10-19 

30 

32% 

52 


10 

1 

1 case 

1 



370 

24% 

10S 

40% 


The Pulse Pressure During the Attach . — In general, the diastolic pres- 
sure followed the same trend as the systolic, but the fall in the former 
was usually less precipitate and. less marked than that in the systolic. 
This resulted in a decrease in the pulse pressure, often to as low as 10 


to 20 mm. (Fig. 2). In the hypertensive group the pulse pressure usu- 
allj langed between 20 and 50 nun. (Table \IT). In the majority of 
the nonhypertensive patients it fell between 10 and 40 mm. 

In a previous study 13 it was found that the decrease in pulse pres- 
sure was not significant from the point of view of the severity and 
prognosis of the attack, unless it fell below 20 nun. Coombs 14 regarded 
a fall to 25 mm. as serious. Our present observations bear out these 
conclusions. Table VII shows that the mortality rate rose significantly 
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when the pulse pressure was less than 20 mm. In such cases there is 
generally a severe degree of shock and heart failure. However, it 
is interesting that one patient with a pulse pressure of less than 10 mm. 
recovered. 



Fig'. 9. 


Blood Pressure on Discharge . — The blood pressure often persisted at 
a low level throughout the hospital stay in both hypertensive (Figs. 
1, 3, 4) and nonhypertensive patients (Figs. 5, 6) ; this was true of 
almost one-third of the patients who survived. In one-third of the 
entire series there Avas a gradual return of the blood pressure toward 
initial levels (Figs. 1, 3, 4, 5, 6). This is shoAvn also by a study of the 
blood pressures of the patients who survived the attack at the time of 
their discharge from the hospital (Tables IV, VIII, IX). In the hyper- 
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tensive .noun (Table VIII) the Wood l"-essm-c on (tisdini-jw 1,11,1 

ed to 150 nun. or more in 28 Her cent ol the coses, nod mnoinod 

* iunct . , . „ nnn i IV) The blood pressure 

below 100 mm. m only 4 pel edit ( l.iblc n ). 

"enovallv did not attain the high levels prior to the a 1-u k, fo < x 

ample, it the initial pressure had been 170 In 199, the discharge blond 

pressure was 150 to 109 (Table VIII). It is milnvorlh.y, however, 

that in two eases the blood pressure on discharge had actually men 

to 200 mm. or more. 


fp »ti» it* VTTT 


Relation’ or Previous Systolic Blood Pressure to Pukssuiii: 
at Time 01 Discharge 


ICO Casks or JIypkrtkxsiox 




It I.OOD PRESSURE OX DISCHARGE 

PREVIOUS ILP. 

xo. 

200- 


150-109 

120-149 

100-119 j 

<100 

200+ 

34 

o 

8 

9 

10 

-K-mmm 


170-109 

1-1 

0 

1 

3 

5 

\ • 


150-109 

IS 

0 

0 

1 

12 



Hypertension of 

94 

0 

7 

14 

42 

2S 

■ 

unknown level 







■ V 

Total 

1(50 

2 

3 <5 

27 

09 

43 

i 3 



! 45 (28%) 

1 115(72%) 


Tav.lk IX 


Relation' of Previous Systolic Blood Pressure to Pressure ox Discharge 
37 Patients Without Hypertension - 


PREVIOUS ILP. ! 

XO. 

130-149 j 

It I.OOD PRESSURE OX DISCHARGE 

110-129 ] 

100-109 | 

90-99 

130-149 

8 

1 

5 

2 ! 

0 

110-129 

27 

0 

33 j 

30 

4 

100-109 

o 

0 

0 

1 

3 

Total 

37 

1 

IS 

33 

5 


As was to be expected, the blood pressure often persisted at lower 
levels in the nonhyperlensive group than in the hypertensive group 
(Table IX), Thus, in almost one-fifth of the cases 1 lie systolic pressure 
at discharge remained below 100 mm. (Table IV). 

Foil mo-up Study of (he Blood Pressure . — In a follow-up study of two 
hundred twelve eases, Palmer 3 observed that more than half of the 
patients had developed hypertension within one year after the attack. 
The number with hypertension then increased year by year until the 
incidence of hypertension reached 72 per cent, which was the same as 
before the attack. In our series the number of patients who regained 
their hypertension after the attack was smaller than in Palmer’s series. 

A study of Figs. 10 and 1.1, which show the blood pressure readings 
one month to seven years after the onset of the attack, reveals that the 
blood pressure failed to return to previous levels in half of the non- 

fS'Tir T d T lh "' d ° f !!ie hyl,ertensivc patients. In another 
thud of the hypertensive group the blood pressure rose to a mild 
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hypertensive level, usually during the first year after the attack. In 
the remaining third a rapid rise occurred soon after discharge from the 
hospital, so that, by the end of the year, the. blood pressure had at- 
tained the high levels which existed prior to the attack. Although 



Fig. 10. 
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A summary of those follow-up ’studies of blood pressure in the hyper- 
tensive patients is presented in Table X, in which a comparison is made 
with previously existing blood pressures. It, is seen that the systolic 
pressure returned to 150 mm. or more in almost two-thirds of the eases. 
It has already been stated that, in half of these, this level had been 
reached by the time the patient was discharged from the hospital. In 
the remaining cases hypertension generally returned during the (nst 
or second year. In half the eases in which hypertension returned the. 
blood pressure eventually became approximately the same as before 
the attack. 

Table X 


Relation* of Previous Systolic Blood Pressure to Follow-up Pressure 
104 Cases or Hypertension' 





FOLLOW 

-UP BLOOD PRESSURE 

previous b.p. 

NO. 

200 

170-199 

150-109 

1120-149 

100-119 

200+ 

s 

•1 

3 

0 

1 


170-199 

. 14 

1 | 

*5 j 

4 


1 

150-109 

14 

o ! 

0 

mSm 

Wflm 

t 

Hypertension of unknown ievel 

12S 

is i 

2S 

mm 

mm 

1-1 


101 

mm 

30 

i 44 | 

1 45 ; 

i 30 



1 103 (04%) 

1 01 (30%) 


It is evident from these observations that one-third of our hyper- 
tensive patients permanently lost their hypertension after acute coro- 
nary occlusion. However, the systolic pressure rarely remained at very 
low levels, and never below 100 mm. 


Relation of Laic Blood Pressure Levels io Prognosis . — In the past, 
conflicting views have been expressed concerning f he prognostic im- 
portance of the height of the blood pressure after recovery from the 
acute attack. In earlier studies 15 - 10 the belief was expressed that, an- 
other coronary occlusion occurred with greater frequency in patients 
who regained their hypertension after recovery from the first attack 
than in those whose blood pressure remained normal. Hurt berm ore, 
Levine 1 observed that angina pectoris was less frequent and loss severe 
when the pressure did not rise again. On the other hand, Alien 11 stated 
that the sooner the pressure returned to previous levels the hotter the 
prognosis and that recovery was usually delayed until previous levels 
were reached. He believed that when the blood pressure fell from 200 
systolic, to 100 or 120, and remained there, the prognosis was guarded 
untd a rise in pressure occurred. Similarly, Palmer 18 stated that the 
prognosis was better in the hypertensive group; low blood “ 
d d not seem to protect against another attack. Gross and En-elhci- 1 ' 1 
disagreed with these views because they observed no effect of hvnor 

aUach ° n ° n ° f lifG ° r frCqUC11Cy of henH following the 
The follow-up observations in our series also «i, 4 „ , . , 

of the blood pressure after the attack did not materially' Influence' the 
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incidence or severity of angina pectoris or the frequency of subsequent 
attacks of coronary occlusion or of heart failure (Table XI). How- 
ever, with regard to each of these factors, the patients who never had 
had hypertension fared somewhat better than those who were hyper- 
tensive either before or after the attack. Thus, it seems that when a 
patient has hypertension prior to the attack the height of the blood 
pressure after recovery has no prognostic significance. However, the 
degree of recovery was generally more complete, and the frequency 
and severity of heart failure less, among patients who had never had 
hypertension. This is probably attributable to the lower incidence of 
cardiac enlargement. 


Table XI 

Relation of Follow-up Blood Pressure to Subsequent Angina Pectoris, 
Heart Failure, Coronary Occlusion, and Death 


FOLLOW-UP B.P. 

NO. 

c 

ANGINA 

PECTORIS 

HEART 

FAILURE 

CORONARY 

OCCLUSION 

DEATH 

Hypertensive 

140 

102 (73%) 

37 (26%) 

33 (24%) 

23 (16%) 

Normal 

Previously Hypertensive 

25 

18 (72%) 

5 (20%) 

I 

6 (24%) 

Never Hypertensive 

5G 

37 (06%) 



7 (13%) 


DISCUSSION 

The incidence of hypertension previous to the attack in our series 
was probably over 70 per cent, a figure which agrees with that of 
Palmer, 3 namely, 73 per cent. These figures are higher than those 
usually reported; a survey of the literature 0 * 17 reveals an incidence 
as low as 30 per cent. One explanation for this discrepancy is that a 
number of authors have used levels higher than ours as criteria of 
hypertension; some have accepted only 160/100 nun., whereas others 
have required 110 diastolic. We believe that our figure, 150/96, is 
accurate. Another reason for our high figure lies in the fact that 
many of our patients were followed for a considerable period after the 
attack, during which time the blood pressure frequently returned to 
a high level. Confirming this view is the point that, in a series pre- 
viously reported by us, 6 in which the blood pressure was considered 
during the attack only, the incidence of hypertension was 62.4 per cent. 
It is probable that the actual incidence in our present series was even 
higher than our figures indicate, for one-third of the hypertensives 
never regained their high blood pressure. 

The incidence of hypertension in persons over 45 years of age in the 
general population is not known, although it probably is greater than 
is commonly thought; we have estimated that it is not more than 50 
per cent. 20 This is lower than that in our series, so that it may be 
concluded that hypertension predisposes to coronary sclerosis, and, 
therefore, indirectly to coronary occlusion, which occurs in the natural 
course of coronary sclerosis. However, there is no reason to assume 
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a direct connection between hypertension and coronary occlusion as 
some authors have done. 21 ’ 22 They theorize that hypertension, pnitie- 
ularly a sudden rise in blood pressure, may produce the ininnn] hem- 
orrhage which lias been shown to be the most common cause of onset 
of occlusion. 23 We have already pointed out. that there is no experi- 
mental evidence for this view, and, in addition, we have presented 
clinical data in a large series of cases to show that coronary occlusion 
occurs irrespective of external factors, including changes in blood pres- 
sure. 21 A recent report confirms this view. 25 Our pathologic studies 
also demonstrated that intimal hemorrhages were at least as common 
among persons with coronary sclerosis without hypertension as among 
those with it. Intimal hemorrhage in a coronary artery depends merely 


on the presence of sclerosis; since hypertension is the commonest cause 
of sclerosis, coronary occlusion is very frequently associated with hj T - 
pertension. This is particularly true of women, who rarely have coro- 
nary sclerosis unassociatcd with hypertension or diabetes. 

Although hypertension plays an indirect role in the pathogenesis of 
coronary occlusion, it does not; affect the course of the disease during 
or after the attack. 10, 13 The mortality rote at the time of the attack 
was the same in the hypertensive and nonhypertensive groups. This 
may be explained partly by the fact that, although cardiac enlarge- 
ment and failure are more common in hypertension, the blood pressure 
rarely falls below 100 mm. in this group, whereas a blood pressure 
under 100 mm. is common in the nonhypertensive group. A systolic 
blood pressure below 80 mm., and particularly below 70, is usually of 
grave prognostic significance, 1 ’ yet recovery may take place in spite of 
such a blood pressure at the onset of the attack. When the blood 
pressure falls below 80 mm., shock is almost always present. How- 
ever, it was absent in three cases with such hypotension, in spite of 
the fact that the previous systolic blood pressure had been over 170 in 


two cases. 

Except for the cases in which the systolic pressure falls below 80 
nun., the course of the blood pressure during and after the attack is 
of no definite prognostic significance. Although in general the fall in 
blood pressure is greater and more rapid when the disease is severe or 
fatal, mild attacks may be accompanied by a similar fall in blood pres- 
sure, and the latter may not fall dramatically with more severe at- 
tacks. It is difficult to predict the course of the blood pressure in 
individual cases. It is apparent, from the number of graphs presented 
by us, that in many eases the blood pressure trend in coronarv occlu-’ 
sion does not conform to one of the main types. In evaluating the 

blood pressure therefore, the clinical course of the patient must be 
carefully considered. 

The mechanism of the initial fall in blood pressure in coronary oc- 
clusion remains a moot question. It has usually been attributed to 
peripheral circulatory failure 0 which is produced reflexly fJn the 
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heart and results in pooling of blood in the abdominal organs, with 
diminution of the venous return to the heart and secondary reduction 
of the cardiac output. Recently another explanation has been intro- 
duced, namely, "cardiac shock." 26 ’ 27 According to this view there is 
a primary diminution of cardiac output. Whether or not this factor 
operates immediately after the onset of the attack, it certainly ac- 
counts for continued hypotension after the first few days. Its effect 
usually lasts about two weeks, by which time the cardiac output returns 
to normal. 28 Thereafter the blood pressure begins to rise toward the 
level which existed prior to the attack. However, we have shown that 
one-third of the hypertensives never regain a hypertensive level. The 
explanation of this is not clear, for the cardiac output is normal, and 
the course of these patients may be as satisfactory as that of patients 
who regain their hypertension. It is probable that coronary occlusion 
permanently reduces the peripheral resistance in some eases and not 
in others. 

SUMMARY- 

The course of the blood pressure before, during, and after the attack 
has been analyzed in five hundred thirty-eight cases of coronary occlu- 
sion. 

The incidence of hypertension increased with age. 

- The blood pressure fell to some extent in every case, although in a 
few eases the fall was slight. A transitory rise in pressure occurred 
infrequently at the onset of the attack. 

A rapid fall was somewhat more common than a gradual one. Occa- 
sionally the fall did not occur until after a week. The lowest pressure 
was usually reached between the twelfth and twentieth days. In some 
eases the initial fall was soon followed by a temporary or permanent 
rise in pressure. 

The trend of the blood pressure was similar in the hypertensive and 
nonhypertensive groups, although a rapid fall was more common among 
the nonhypertensive patients who died. 

The systolic blood pressure rarely fell below 90 mm. in the hyper- 
tensive group, but this was common in the nonhypertensive group. 
When the pressure fell below -80 the patient usually died. 

In almost one-fifth of patients with a previous pressure of 200 mm. 
or more the pressure did not fall below 150 mm. 

Two-thirds of the hypertensive patients regained a hypertensive level ; 
in half of these this took place before discharge from the hospital, and, 
in the remaining half, usually within one or two years. 

The height of the blood pressure after the attack did not significantly 
infl uence' the future course of the patient with respect to subsequent 
angina pectoris, heart failure, coronary occlusion, or death. 
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THE DURATION OF VENTRICULAR SYSTOLE AS MEASURED 
BY THE Q-T INTERVAL* OF THE ELECTROCARDIOGRAM, 
WITH ESPECIAL REFERENCE TO CARDIAC 
ENLARGEMENT WITH AND WITHOUT 
CONGESTIVE FAILURE 

S. H. Phang, M.D., Chungking, China, and P. D. White, M.D., 

Boston, Mass. 

V ARIOUS factors which may influence the duration of the Q-T 
interval of the electrocardiogram, aside from heart rate, the blood 
calcium level, and digitalis have received the attention of few workers. 
One of the most important clinical conditions, namely, cardiac en- 
largement, has particularly attracted our attention as needing evalua- 
tion in this respect. 

Although digitalis somewhat shortens the Q-T interval, 1 ' 4 which has 
been reported as prolonged in heart failure, 7 and a low blood calcium 
level is associated with considerable prolongation, the Q-T interval 
varies with the cycle length much more than with any other factor. 
It is shorter when the heart is rapid and longer when the heart is slow. 
Fridericia 8 expressed the relationship in the formula : Q-T = K f/ C, 
in which C is the cycle length in seconds and K is a constant which 
he found to be 8.22. Bazett 0 employed a square root equation in an- 
other formula : Q-T = KyC, or K = Q-T -f V C. It can be seen 
from the formula that an increase in the Q-T interval, relative to the 
cycle length, will result in a smaller value for K. Bazett found that 
K is normally 0.37 for men and 0.4 for women. White and Mudd 10 
constructed a scatter diagram relating to the Q-T interval of normal 
persons, and found that their results agreed closely with the published 
data of other workers. These various investigators studied the effect of 
a wide variety of conditions on the duration of the Q-T interval, hut 

there has been a difference of opinion regarding what constitutes a 

deviation from normal limits. Adams 11 used a straight-line formula 
for calculating the predicted Q-T interval : 

Male: Q-T == 0.1536, R-R 0.2462 

Female: Q-T = 0.1259, R-R 0.2789 

More recently, Ashman 12 measured the Q-T intervals of the electro- 
cardiograms of one thousand normal men and women' and proposed the 
logarithmic formula: Q-T = K log [10(C + k)]. C is cycle length 
in seconds and k is 0.07. According to this formula, K is 0.377 for 
men and 0.387 for women. Ashman gave the upper normal limits of 
K as 0.41 for men and 0.42 for women. 

♦The Q-T interval is the interval from the beginning of the Q wave to the end of 
the T wave. 

Received for publication Aug. 31, 1942. 
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PHA2CG AND WHITE: VENTRICULAR SYSTOLE iUJ 

In 1938, White, Jenks, and Benedict 13 measured the Q-T intervals 
of the electrocardiograms of a number of circus elephants and found 
that they were prolonged out of proportion to the heart rates, as com- 
pared to the normal human Q-T interval. It was thought, that the ex- 
planation for this might be found in the immense size of the elephant's 
heart, with its longer pathways of impulse conduction and its greater 
bulk of contracting muscle. 

This hypothesis suggested that it would be worth while to study the 
influence of pronounced cardiac enlargement on the duration of the Q-l 
interval, particularly because such cardiac enlargement in human beings 
is of serious prognostic importance. 


MATERIAL AND METHOD 

Two groups of cases were studied. The first group consisted of eleven cases 
of well-marked cardiac enlargement, with no evidence of congestive heart failure 
or other complication. The second group of fifteen patients, in addition to cardiac 
enlargement, also had various degrees of congestive heart failure. The first group 
was taken from ambulatory patients who presented themselves for routine examina- 
tion. An attempt was made to select cases of cardiac conditions which produce 
enlargement affecting primarily one cardiac chamber. In the second group, electro- 
cardiograms were taken soon after admission to hospital. The patients had re- 
ceived no digitalis for at least one month prior to entry. Digitalization was curried 
out according to the usual routine, and completed in from three days to one week. 
A second electrocardiogram was taken at the time when the patients had recovered 
from congestive failure, i.e., from five days to eleven months after the first electro- 
cardiogram. 

Only good records with clearly defined QES waves with well marked T-wave end 
points were measured. Cases of auricular fibrillation and bundle branch block 
were excluded. The duration of the Q-T interval of three successive heart cycles 
was measured in each case, and the results averaged. The cardiac cycle was as- 
certained by measurements of the Q-Q interval. The Lucas comparator was used 
for all the measurements; it gives results in ten thousandths of a second, with cor- 
rect readings to one or two thousandths of a second. The relatively small number 
of cases studied by us is accounted for by the facts (1) that the great majority 
of patients with congestive heart failure who came into the hospital had been tak- 
ing some form of digitalis, (2) that suitable electrocardiograms were not always 
obtained both during congestive heart failure and after the failure had completely 
cleared, and (3) that many of the records naturally failed to show sharp end points. 


RESULTS AND DISCUSSION 

Of the patients with well-marked cardiac enlargement without fail- 
ure (Table I), six were men and five were women. The average for K 
calculated according to Bazett’s formula, K = Q-T - y~C, was 0.42G 
(0.421 for the men and 0.431 lor the women) . Compared with the 
values given for normal pex-sons by Cheer and Li,' 1 which are 0.374 for 
men and 0.388 for women, these figures represented an appreciable 
increase above the normal. However, if the figures of Shipley and 
Hallaran 1 " are used, namely, 0.397 for males and 0.415 for females the 
departure from normal is not quite so marked. Calculated according 
to Ashman s formula - Q-T = IC log [10(C + k) ], the average K in our 
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cases was 0.405 (0.403 for the men and 0.408 for the women). This 
again represents an appreciable increase over the values for normal sub- 
jects, which are 0.377 for men and 0.387 for women. It is interesting 
to compare our figures with those of Ashman, who, in a series of eases 
of various types of heart disease, found that the average K was 0.405 
for men and 0.410 for women. 


Table I 


The Q-T Interval in Cardiac Enlargement 


o 

: X 

1 a 

1 

AGE 

DIAGNOSIS 

X-UAY 

S' 

£ 

^ o 

c w 

T W 

C* W 

Q-T INTERVAL 
(SEC.) 

CONSTANT K 

(bazett)* 

CONSTANT K 
(ASHMAN) t 

i 

F. 

02 

Hypertensive 

Considerably en- 
larged heart 

0.5805 

0.3583 

0.470 

0.441 

2 

F. 

0! 

Hypertensive 

Enlarged left ven- 
tricle 

0.8170 

0.35SG 

0.39G 

0.378 

3 

M. 

71 

Hypertensive 

Moderately en- 
larged heart 

0.S084 

0.4220 

0.452 

0.434 

4 

M. 

4S 

Hypertensive and 
coronary 

Enlarged heart 

0.S490 

0.3809 

0.415 

0.396 

5 

F. 

20 

Rheumatic, aortic 
stenosis and regur- 
gitation 

Considerably en- 
larged heart 

0.0005 

0.3092 

0.39S 

0.374 

(3 

M. 

70 

Hypertensive and 
coronary; aortic 
stenosis 

Big heart 

1.2367 

0.43 65 

0.393 1 

0.37G 

7 

F. 

70 

Hypertensive and 
coronary; aortic 
stenosis and regur- 
gitation 

Big heart 

0.7470 

0.3924 

0.453 

0.431 

s 

M. 

42 

Congenitally bicuspid 
aortic valve, with 
scarring 

Considerably en- 
larged heart 

0.7401 

0.3717 

0.430 

0.40S 

9 

F. 

32 

Rheumatic, mitral 
stenosis 

Enlarged, round 
heart 

0.5640 

0.3349 

0.440 

0.41S 

10 

M. 

41 ! 

Rheumatic, mitral 
stenosis and regur- 
gitation 

Enlarged heart 

j 

0.8040 

0.3S37 

0.427 

0.407 

11 

M. 

12 1 

Auricular septal de- 
fect 

Prominent pulm. 
conus, wide 
across auricles 

0.9128 

0.391S 

0.410 

0.394 


*Iv = Q-T -r VC. 

flC = Q-T log [10(C + k)]. 


Although the average value for K in our present series shows that 
the Q-T interval is definitely prolonged in relation to the heart rate, 
it must be pointed out that in only six of the eleven cases, or 55 per cent, 
were the values of K at or beyond the upper limits of normal. It made 
no appreciable difference whether the enlargement affected the right or 










Table II 

Q-T Interval With and Without Failure 
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left ventricle. When- Bazett’s formula was used, the average K for 
the eight cases of left-sided enlargement was 0.426, and, for the three 
cases of right-sided enlargement, it was also 0.426. 

In the second group (Table II), the Q-T interval of the patients with 
failure showed still more prolongation beyond normal limits. The average 
K in these cases was 0.438, according to Bazett’s formula (0.430 for 
the men and 0.471 for the women). Cheer and Dieuaide, 7 using the 
same formula, found that the value of K was 0.432 for men, and 0.433 
for women, with cardiac failure. Their series included relatively few 
cases of coronary heart disease. Our results in six cases of coronary 
heart disease and four cases of hypertensive and coronary heart disease 
confirm their observations. When Ashman’s logarithmic formula was 
used, the average K for our cases of heart failure Avas 0.415 (0.407 for 
the men and 0.449 for the Avomen ) . As compared Avith the first group, 
it can be seen that the Q-T interval sIioavs greater prolongation in cases 
of cardiac enlargement Avith failure than in those without it. 

After recovery from congestive heart failure, the Q-T interval, Avith 
tAA T o exceptions, exhibited a uniform shortening, relative to the heart 
rate. In one case there Avas practically no change, and in the other there 
AA r as a slight prolongation. The average A’alue for IC Avas 0.396 Avith 
Bazett’s formula and 0.379 Avith Ashman’s formula, Avhich Avas about 
9 per cent less than during failure. As Ave pointed out above, the fact 
that digitalis shortens the Q-T interval lias been demonstrated by seA'- 
eral Avorkers. Our patients had been given digitalis, and all Avere tak- 
ing maintenance doses at the time the second electrocardiograms Avere 
taken. SteAvart and Cohn 10 skoAved that digitalis reduces the size of the 
hearts of normal persons and patients Avitli congestive heart failure. 
It is therefore interesting to speculate on Iioav much the shortening of 
the Q-T interval after digitalis is caused by the action of the drug, per 
se, and how much to the reduction in the size of the heart. 

SUMMARY AND CONCLUSIONS 

1. In a careful study of tAventy-six cases of cardiac enlargement, 
eleven without, and fifteen A\ r ith, congestive heart failure, Ave have found 
that cardiac enlargement alone, without concomitant congestrte failure, 
produces a significant relative prolongation of the duration of systole, as 
measured by the Q-T interval of the electrocardiogram, in the majority 
of cases, taking into due consideration the important factor of heart 
rate. It made no difference Avhet.her the hypertrophy affected primarily 
the left or the right ventricle. 

2. Congestive heart failure, in addition to enlargement, produced a 
still greater prolongation of the Q-T interval in our cases. 

3. After recoA'ery from failure, while the patients were still under 
the influence of digitalis, the Q-T interval shoAved a relath’e shortening. 
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4. It is possible tliat cardiac enlargement, with longer pathways of 
impulse conduction and greater bulk of contracting muscle, is one of 
the factors responsible for the prolongation of the Q-l internal, am 
that digitalis may act on the duration of systole chiefly by inci easing 
heart tone, which, in turn, brings about a decrease in the size oi the 
heart. 
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THE DEPRESSOR EFFECT OF TISSUE IMPLANTS IN 
HYPERTENSIVE DOGS 

S. Rodbard, Ph.D., and L. N. Katz, M.D. 

Chicago, III. 

TN THE course of studies involving the transplantation of kidneys to 
-*■ the necks of hypertensive dogs, we noted that a marked and prolonged 
depressor effect sometimes occurred as autolvsis of the kidney began 
and an abscess developed at the site of the transplant. This effect could 
also be produced by subcutaneous implantation of 10 to 15 grams of 
kidney tissue. 1 To date we have implanted kidney or other tissue in a 
large number of experiments in dogs with nephrogenic or spontaneous 
hypertension and in normal dogs. 

Blood pressures were recorded on these trained, unanesthetized dogs with the 
Hamilton manometer according to the technique previously described. 2 Normal dogs 
were those which, after a period of training, had a fairly constant arterial pressure 
of about 150/S0 mm. Hg. Dogs with a persistent arterial pressure of 175/95 mm. 
Hg or more after a prolonged period of training were considered to have spon- 
taneous hypertension. Nephrogenic hypertension was produced by partial constric- 
tion of the renal arteries with linen ligatures. 2 After the blood pressure of the 
test animals became stabilized, the various tissues were implanted subcutaneously. 
Daily recordings of the blood pressure were made until it returned to control levels. 
This was followed by triweekly recordings for a variable period. 

Unless the diastolic pressure fell more than 20 mm. Hg the result was con- 
sidered negative. "When the diastolic pressure decreased more than 20 mm. Hg, but 
less than 40 mm. Hg, and the fall lasted one or two days, the result was considered 
slightly positive. An effect greater than this in degree and duration was con- 
sidered strong]}- positive. In addition to the blood pressure, the heart rate, rectal 
temperature, and the general appearance of the animals were observed. 

The tissues were implanted subcutaneously in the lumbar region, and the sub- 
cuticular fascia and skin were stitched over the implant. Asepsis was not main- 
tained. 

The following substances were used: (1) Fresh dog, rabbit, beef, and pig 
kidney, 10 to 30 grams;* (2) fresh dog heart, liver, or spleen, 10 to 30 grams; and 
(3) 10 c.c. of egg yolk or 1 to 3 grams of infusorial earth in saline ’suspension. 

RESULTS 

The effects of the various implants and injections are briefly sum- 
marized in Tables I, II, and III. Abscesses developed in nearly every 
instance, began to drain on the second and third day, and were usually 
entirely healed by the seventh day. The rectal temperature was raised 

From the Cardiovascular Department, Michael Reese Hospital, Chicago. 

Aided by the A. D. Hast Fund for Cardiovascular Research, and a grant from the 
Eli Lilly ‘ Company. 

Received for publication Sept. 3, 1942. 

*W’e are indebted to Dr. D. Klein, of Wilson Laboratories, for his cooperation in 
obtaining pig and beef kidneys. 
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Table I 


and Duration op the Fall in Blood I. resslli. 


TYPE OF MATERIAL 
IMPLANTED 

blood pi 

none 

1ESSURE RE! 

SUOHT 

SPONSEf 

definite 

DEATH 

OF 

: animal 

TOTAL 

Fresh dog kidney 

21 

7 

34 

2 

• 44 

4 

Fresh dog kidney in small 

4 





amount (1 Gnt.) 





A 

Fresh rabbit kidney 

4 





Beef kidney 

5 

1 

1 



Pig kidney 

7 





Fresh dog heart 

s 

1 

3 

a* 

\ 

32 

Fresh dog liver 

7 

4 

3 



Fresh dog spleen 




. 


Egg yolk 

5 




5 

Infusorial earth 

3 






' «In practically all cases fever occurred : the rectal temperature rose from about 
101.5° C. to 103.5 or 105° C-. usually within twenty-four hours. This was associated 
with cardiac acceleration. The fall in blood pressure, when it occurred, usually was 
not manifest until the third day, when the temperature was attain npproacldnp 
normal. The fever occurred not only In animals in which the blood pressure fell, 
but also in those in which it did not. 


tClassification of response described in text 

Jin both of these dorrs the blood pressure was lowered toward normal levels for 
some time before the animals died. 


Table II 

Effect of Various Types of Subcutaneous Implantations on the Arterial 
Pressure of Spontaneously Hypertensive Dogs, as .Tubbed by the Extent 
and Duration of the Fall in Blood Pressure* 


TYPE OF MATERIAL 
IMPLANTED 

BLOOD PRESSURE RESPONSE* • 

DEATH 

OF 

ANIMAL 

TOTAL 

NONE 

SLIGHT 

DEFINITE 

Eresh dog kidnev 

o 


s 

1 

11 

Fresh dog lieart muscle 

2 




0 

Fresh dog liver 


1 



3 

Egg yolk 

i 



j 

1 

Infusorial earth i 

4 

1 i 


1 

0 


*See footnotes of Table I 


Table III 


Effect of Various Types of Subcutaneous Implantation on the Artit.i \l 
Pp.essure of Normal Dogs, as J udged by the Extent and Duration of the Fall 

in Blood Pressure* 


TYPE OF MATERIAL 

| BLOOD PRESSURE 

RESPONSE* 

DEATH OF 


IMPLANTED 

NONE 

SLIGHT 

DEFINITE 

ANIMAL 

[ TOTAL 

Fresh dog kidney 

s 




S 


from the normal of 101.5 to 103.5 or 105° C. within Iwentv-four hours 
and returned to normal in a day or two. The animals seldom mani- 
fested any particular depression, hut frequently showed discomfort 
winch was apparently caused by the inflamed and tender infected areas 
m the region of the tissue implantation. On occasion, however, the 
leaction was more severe, and several animals died two to six days after 
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implantation. There was no significant difference in these general reac- 
tions among the various groups of animals nor with the various types 
of implants. 

In contrast to the similarity of these general effects, certain differences 
in the blood pressure response were apparent. In none of the eight 
experiments on normal dogs was any significant depressor effect noted 
(Table III). With dog kidney implants a definite depressor effect was 
obtained in fourteen of forty-four trials on dogs with nephrogenic hyper- 
tension and eight of eleven trials on spontaneously hypertensive ani- 
mals. This is in sharp contrast to the results obtained with implanta- 
tion of other tissues in hypertensive dogs, in which only one of fourteen 
trials with beef or pig kidney, one of fourteen with dog heart, and one 
of thirteen with dog liver gave a definite depressor effect. In none of 
the six trials with egg yolk and the eight trials with infusorial earth 
was a definite depressor response obtained in the hypertensive dogs. 

DISCUSSION 

Since our preliminary note on the effect, of subcutaneous implantation 
of kidney tissue, the experiment has been repeated with modifications 
by other investigators. It has been reported 4 that, if special precautions 
are taken to avoid infection, abscess formation does not occur and the 
blood pressure does not fall. In rats, a reduction in blood pressure 
follows abscess formation, but in this animal the depressor effect appears 
to be nonspecific, for it occurs with implants of spleen and liver, as well 
as kidney . 5 Our results indicate that in the dog the reaction appears 
to be more specific for kidney. It would appear that, in the process of 
abscess formation after implantation of dog kidney, some reaction oc- 
curs which tends to reduce both nephrogenic and spontaneous hyperten- 
sion. The results in spontaneous hypertension are of particular inter- 
est, for it may be more analogous to human essential hypertension than 
is nephrogenic hypertension. 

Since the fall in blood pressure occurs on the third day, when the 
fever and the reaction to the abscess are on the decline, and since the 
depressor effect persists in some experiments for many days after the 
abscess has completely drained and healed, the effect probably cannot 
be solely the result of fever or infection. The occurrence of fever in 
most of the animals whose blood pressure did not fall also suggests 
that any fall in blood pressure is not due simply to the vasodilator 
effect of fever. Furthermore, we have seen a number of instances of 
severe infection, such as pneumonia and postoperative abscesses, in our 
hypertensive dog colony without changes in blood pressure . 0 Distemper, 
however, frequently caused the pressure to fall for some time . 2 Further- 
more, a depressor effect from the injection of nonspecific materials, such 
as pyrogenic inulin, typhoid vaccine, etc., has been reported , 7 ’ 8 and 
the blood pressure of hypertensive human subjects may fall during 
fevers, infections, and intoxications . 7 For example, it has been reported 
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that, during the induction of malaria in hypertensive patients the blood 
pressure may fall and remain at a normal level foi a penoc o ’ 
even after the fever has subsided." It was further observed that even 
when the pyrogenic reaction is prevented by amidopyrine, the dcpics- 
sor effect in hypertensive subjects is still present . 

A number of extracts of plants and animal tissue have been advo- 
cated for the treatment of hypertension; each has had its vogue, but 
none has been widely accepted. 10 - 11 Kidney extracts have been employed 
for sundry purposes, including the treatment of hypertension, but until 
recently without rational or experimental basis. In some of the carlici 
work, in which the renal extracts were given intravenously, the effect, 
on the blood pressure was probably a peptone reaction. 

Recent developments in the study of hypertension have established 
a more rational basis for the use of kidney extracts in the treatment 


of the disease. 12 - 13 Although these studies are in accord that an anti- 
pressor effect may be produced by the administration of kidney extracts, 
the concepts advanced as to the cause of the fall in blood pressure do 
not agree. Further, the methods of extraction of. the kidney in the 
various studies are different. The extracts arc still crude and require 
large quantities of kidney 1o furnish relatively small amounts of de- 
pressor material. At present there is no unanimity concerning the 
nature of the principle. 1 '’ For example, one group 13 has found that 
it follows the protein fraction and is not an ultrafiltrate, whereas an- 
other, 12 using similar methods of preparation, reports that it is an ultra- 
filtrate and not a protein. The possibility that in many cases the fall 
in blood pressure may be spontaneous, or the result of more complete 
control of the patient, has not been definitely ruled out. In animals 
similar fluctuations in blood pressure are frequently observed, and may 
even occur in well-trained dogs with severe hypertension.® Recent 
studies 7 - 8 -° on the depressor reactions brought about in hypertensive 
subjects by nonspecific pyrogenic substances raise some doubt as to 
the specificity of the renal extracts previously employed. 


Our own results may be ascribed to a nonspecific reaction of a similar 
nature. However, the absence of a depressor response in the normal dogs 
with kidney abscesses indicates that, in our experiments, there was no 
general depressor effect which might result from conditions in infection 
that lead to peripheral vascular collapse. We have previously noted 
that the factors which maintain hypertension and normal blood pres- 
sure are different, and it is well known that changes in the blood pres- 
sure, especially downward deviations, are resisted by numerous mech- 
anisms. Normal animals appear to show a greater' resistance toward 
depressor effects than hypertensive animals. We are, however, inclined 
to the view that, although this factor is of importance, it cannot be the 
sole cause of the difference in response between normal and hvnerten- 
sive animals, for a survey of depressor actions in general shows that 
they operate on normal as well as hypertensive subjects. Thus, for 
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example, we have found that the depressor effect of late pregnancy 
occurs in normal as well as in hypertensive animals. 0 

It is still possible that our results can be interpreted as a nonspecific 
reaction operating under the peculiar conditions of the hypertensive 
animal. It has been shown 7 that the pyrogenic reaction, even in the 
absence of fever, leads to renal hyperemia. This renal hyperemia will 
reduce the ratio of ischemic to normal kidney tissue, and thus allow 
a reduction in blood pressure. 2 This would presuppose a renal mech- 
anism in the spontaneous hypertension of the dog, and this is not yet 
established. If renal hyperemia is the cause of a nonspecific reduction 
in hypertension, our results would suggest that the liver, spleen, and 
heart abscesses liberate more of the effective substances than egg yolk 
and infusorial earth abscesses, and that kidney abscesses liberate even 
more. It is possible that these substances may act on other organs 
which participate in the hypertensive process, or may act directly on 
the chemical mediator of hypertension, but these possibilities will not 
be discussed here. 

However, the alternate view has not been excluded that in abscesses 
produced by the implantation of fresh dog kidney a specific antihyper- 
tensive principle is elaborated or liberated. If this be so, our work 
indicates that 10 to 30 grams of kidney may be sufficient to produce 
enough material to lower the blood pressure of hypertensive dogs. To 
date, other workers have recpiired large amounts of kidney for the 
production of their principles. In this case more potent preparations 
of antihypertensive principle are possible. 

SUMMARY 

1. The subcutaneous implantation of 10 to 30 grams of fresh dog kid- 
ney leads to abscess formation in forty-eight to seventy-two hours and 
frequently results in a reduction of the blood pressure of dogs with 
nephrogenic or spontaneous hypertension. 

2. In normal dogs similar abscess formation has no appreciable effect- 
on blood pressure. 

3. Abscesses produced by implantation of fresh muscle, liver, or spleen 
have little or no effect on the blood pressure of hypertensive dogs. 

4. The significance of these results is discussed. 

We are indebted to Dr. M. Sokolow and Miss L. Friedberg for assistance in the 
early experiments of this study. 
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Clinical Reports 


A CASE OF BUERGER’S DISEASE IN AN OLD WOMAN 

Lawrence N. Atlas, M.D. 

Cleveland, Ohio 

T HE occurrence of thromboangiitis obliterans in an old woman is 
sufficiently infrequent to warrant recording it. 

CASE REPORT 

M. 0., a 68-year-old white woman, came under observation Oct. 28, 1941. Three 
weeks previously she had been suddenly seized with severe pain in her right leg, 
followed by coldness and numbness of both feet. Two weeks later intense burning 
pain appeared in the right second toe, and the toe turned blue. Prior to the onset 
of her present illness she had never had any symptoms which could have been at- 
tributed to vascular disease of the lower extremities. She had never smoked and 
had never suffered from any form of superficial phlebitis. 

Examination. — The patient was in evident distress. No pulsation was palpable 
in the dorsalis pedis, posterior tibial, or popliteal artery in either leg. Excellent 
pulsations could be felt in both common femoral arteries. Oscillometric readings 
were zero up to the level of the knees. At a room temperature of 24.0° C., the 
surface temperature of the great toes was 25.0° C. After the administration of 50 
mg. of procaine intratliecally, anesthesia of both feet occurred, but the surface tem- 
peratures rose only 1.3 degrees. There was extreme pallor of both feet on eleva- 
tion, and the right foot was edematous. There was ulceration of the right second 
and left fourth toes. The ulcerated right second toe was exceedingly sensitive to the 
slightest manipulation, and was in a state of impending gangrene. There were no 
areas of acute or healed superficial phlebitis. She presented clinical evidence of 
generalized arteriosclerosis. Her blood pressure was 238/134. 

The blood Wassermann reaction was negative. The erythrocyte count was 
3,800,000, and the hemoglobin was 67 per cent. The albumin/globulin ratio was 
4.1/4.3. The sugar and nouprotein nitrogen levels in the blood were 129 and 28 mg. 
per cent, respectively. The spinal fluid was normal. 

A diagnosis of bilateral, acute thrombosis of an arteriosclerotic popliteal artery 
was made. 

"Within twenty-four hours of her admission to the hospital the right second toe had 
become frankly gangrenous. In an attempt to alleviate the now intractable pain, 
an adventitial stripping of the superficial femoral artery aud ligation of the accom- 
panying vein were performed. At the time of operation I was impressed by the 
absence of significant atheromatous involvement of the wall of the occluded femoral 
artery. The next morning there was a distinct diminution in pain and sensitivity 
to manipulation in the gangrenous toe. However, the gangrene continued to spread. 
By the tenth hospital day the entire foot had become gangrenous, pain had recurred, 
aud a thigh amputation was performed as a life-saving measure. However, that 
evening the left foot became suddenly gangrenous, and three days later the patient 
died. 

Received for publication March 5, 1942. 
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The following is a detailed report of the microscopic examination of sections taken 
from the arteries of the amputated leg. The description is by Dr. F. Preuss, of >he 
Laboratory of Pathology at Alt. Sinai Hospital. 

Popliteal Artery and Vein .— The lumen of the artery is occluded by fairly dense 
connective tissue containing a large number of fibroblasts and mononuclear cells. 
A fetv small vascular spaces lined with epithelium and tilled with erythrocytes are 
seen. These apparently represent areas of recanalization. The media shows a 
diffuse infiltration with lymphocytes and mononuclear cells. The infima and internal 
elastic lamella are indistinct. The adventitia is composed of very dense connective 
tissue which is infiltrated with lymphocytes and mononuclear cells; it contains numer- 
ous vasa vasoruiti which exhibit similar chronic inflammatory changes. The popliteal 
vein shows similar inflammatory changes. The intima is thickened by granulation 
tissue. The media is interrupted by connective tissue showing numerous fibroblasts 
and round cell infiltration. The adventitia presents a picture similar to that of 
the adventitia of the artery. The artery and vein are adherent to each other by 
dense inflammatory connective tissue. 



Fig. l. Posterior tibial artery. (Dr. F Preuss) 

fragmented. The media is mhrkedlv inflifr^ted 'of. i St ' C l amel > indistinct null 
Several giant cells are present indicating^ n chronic J „'"! )hoC -f tos ,in<1 monocytes, 
process. There is also increased vascularity of themed” w:uto Inflammatory 


Posterior Tibial Artery— See Pig. 1. 

Posterior Tibial Vein . — See Pig. 2. 

Anterior Tibial Artery and Vein . — See Pig. 3. 

Final Diagnosis: Thromboangiitis obliterans (Buerger's 


disease). 


P o“: o a't »:hidX‘“s' vas • rr °* inu,resti,,s 
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Fig-. 2. — Posterior tibial vein. (Dr. F. Preuss) 

The lumen is occluded by an apparently recent, red thrombus, consisting mainly of 
erythrocytes and a few threads of fibrin. The endothelial lining of the intima is 
stripped off in places. The media shows diffuse infiltration by polymorphonuclear 
leucocytes. There are also a marked periphlebitis and an increase of vasa vasorum 
in the adventitia. 



Fig. 3. — Anterior tibial artery and vein. (Dr. F. Preuss) 

The lumen of the artery is reduced to a slit-like space by fibrous tissue which in 
one sector, shows a marked cellular reaction. The internal elastic lamella is 
recognizable only in the upper sector. There is moderate cellular infiltration of the 
media. In the upper right-hand corner the small residual lumen of the vein is seen. 
Artery and vein are matted together tightly by old granulation tissue. I he line of 
cleavage cannot be made out. 
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remarkably effective collateral circulation may develop in cases oi 
thromboangiitis obliterans without the benefit oi therapeutic assistance. 
In line with this observation is the case of a 65-year-old man with 
Buerger’s disease whom I saw recently. In this instance the first clinical 
evidence of the vascular disability was also the sudden appearance of 
pain in the leg and foot, followed by gangrenous ulceration. Microscopic 
examination of the arteries in the amputated leg revealed lesions charac- 
teristic of long-standing thromboangiitis obliterans, with recent, major 
thrombosis involving the popliteal and lower femoral artery. 

Tlie author acknowledges his indebtedness to Dr. S. S. Sidenbcrg, the attending 
physician in this case. 



DISSECTING ANEURYSM OP THE ABDOMINAL AORTA 

Eugene DeAngelis, M.D. 

Morgantown, W. Va. 

IN A RECENT paper on dissecting aneurysm, Rogers 1 remarks that, 
A until 1933, only six cases of this condition had been discovered ante 
mortem. Since then, thirty-four additional cases have been reported. 
In view of the many outstanding manifestations of this disease, it is 
remarkable that more eases have not been reported. The foliowing case 
is presented to emphasize the important signs and symptoms of this 
disease, and because it is the second ease in which a dissecting aneurysm 
beginning in the abdominal aorta has been diagnosed before death. It 
is interesting that the diagnosis in this case was made by an intern, 
and overlooked by men of far greater experience. This is not a criticism 
of these men, but rather an indication of the lack of awareness of the 
average practitioner to the clinical features of dissecting aneurysm. 

CASE REPORT 

The patient -was a white man, 64 years of age, who was admitted to the hospi- 
tal because of severe, recurring radiating pain of over three years' duration. 
For more than thirty years the patient had suffered from vague abdominal dis- 
tress, but in the preceding three years a new symptom became prominent. The 
symptom was pain, described as agonizing and viselike, which always began in 
the epigastric or lower substernal region, radiated upward to involve the entire 
chest and back, and then spread down the arms as far as the Unger tips and up- 
ward to the neck and head as far as the vertex. This radiation was fairly con- 
stant, and the distribution was symmetrical. At first the patient suffered at ir- 
regular intervals, especially, but not always, after strenuous exertion. At the be- 
ginning of the illness the pain lasted only a few minutes, but later it occurred 
with increasing frequency and severity, and lasted as long as thirty minutes. There 
were intervals of days or even weeks when this agonizing pain did not occur. The 
patient knew of nothing that would relieve the pain, but lie remarked that he tried 
to calm the “ torture" by compressing - and rubbing his abdomen and chest ; how- 
ever, this produced no relief. For eighteen months a mass in his abdomen had been 
evident, and was increasing in size. 

The past history revealed that the patient had had left-sided, spontaneous hydro 
pneumothorax from a 1 ‘ ruptured emphysematous bleb ’ ’ which disappeared without 
complications. There was also a history of chronic atrophic gastritis, with aclijlia 
gastrica, bilateral direct inguinal hernia (not operated on), and some "duodenal 
disturbance” of unknown origin. Three years earlier he had been examined at the 
Mount Sinai Hospital of New York City. The roentgenologic reports from that 
institution revealed that he had a large tortuous aorta, but no diagnosis of aneurjsm 
was made. Hypertension and severe arteriosclerosis were also diagnosed at that 
time. 

From the Department of Pathology, West Virginia University School of Medicine, 
and. St. John’s Riverside Hospital, Yonkers, New York. 
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Physical examination revealed a tall, thin, elderly, and chronically ill nliite man. 
The head was essentially negative, as were the eyes, ears, and nose. He had py- 
orrhea alveolaris and many carious teeth. The chest was asthenic and the ribs were 
very prominent. A marked depression at the lower portion of the sternum, prob- 
ably occupational in origin, was noted. The patient was an architect, and had 
worked over a draftsman’s board for years. The lungs were normal. 'I he heart 
was enlarged to the left (approximately 2 cm. beyond the left midclaviculnr line, 
fifth intercostal space); the rhythm was normal, and auscultation revealed a systolic 
and a diastolic murmur in the aortic region which were transmitted upward and 
downward along the right sternal margin. The pulse rate was 70, and the pulse 
was full and strong. His blood pressure was 250/170 in the left arm and 250/174 
in the left leg. Within the abdomen, just below the epigastric region, there was 
a very interesting tumor about the size of a grapefruit. The tense mass, a prac- 
tically immovable tumor and with no expansile pulsation, extended below and to 
the left, and above and to the right of the umbilicus. No thrill was palpable, but 
there seemed to be a slight, inconstant systolic murmur. The abdominal wall was 
very thin, and there was a direct inguinal hernia on each side. The arteries were very 
hard and tortuous, particularly the femorals, which were pipelike and at least 2 cm. 
in diameter, and could be easily palpated as they coursed over the pubic rami. 
The other systems were essentially negative. 



Pirn 1. 


At the time, the provisional diagnosis was “Aneurysm of the abdominal aorta 
arteriosclerotic m origin and dissecting and saccular in type ” * ' 

Laboratory Examination — The leucocyte count was 7,300, with a normal ilif- 
erential count. The erythrocyte count was 4 3 on non or 
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chest films and gastrointestinal study. The latter showed external pressure on the 
lesser curvature of the stomach. The chest roentgenograms showed (Pigs, i and 21 
enlargement of the cardiac shadow, especially of the left ventricular portion and a 
greatly dilated and tortuous aorta which took the shape of the letter S- the arch 
was represented by the upper half of the letter, and the thoracic portion by the 
lower half. The lateral deviation from the midvertebral line to the left lateral 
border was 9 cm. at the level of the ninth dorsal vertebra. In tin's region the 
aorta showed its greatest transverse diameter (4 to 5 cm.). These observations 
were essentially the same as those made at Mount Sinai Hospital. 



Fig. 2. 


Subsequent Course . — During the first five days of hospitalization the patient 
was up and about. He complained only of a constant, dull, abdominal pain. Never 
did he have the severe pain mentioned in the "present illness." The preoperative 
diagnosis of the surgeon was "pancreatic or peritoneal cyst or possible aneurysm 
of the abdominal aorta. 75 The last diagnosis, in view of the operation performed 
later, apparently held little favor. At operation, ‘ ‘ an aneurysm was found just 
above the bifurcation of the aorta, about S to 10 cm. in diameter, with one small 
sacculation at its right border, on the lateral aspect. " No surgical procedure vas 
attempted on this lesion. On the day after the operation the patient complained of 
pain in the abdominal wound. His second day was uneventful, but, on the night 
of the third postoperative day, at 11 o'clock, he complained of a sudden, severe 
pain in the abdomen, and died before the intern arrived. 

Post-Mortem Examination (performed by Dr. W. Cook). Only the main gross 
autopsy observations in regard to the aneurysm and arterial system are discussed. 
When the abdominal cavity was opened it was found to contain a great deal of 
coagulated blood. The abdominal aorta presented a large rent at its beginning , 
this extended downward several centimeters, beyond the level of the renal vessels. 
The entire vessel, though collapsed post mortem, had been diffusely enlarged, and 


127 


DEANGELIS: DISSECTING ANEURYSM OP ABDOMINAL AORTA 

the wall showed .Louth .lissocti.m foot., the rogta t ubovc the r«»l 
vessels to just above the bifurcation. The adventitial portion of he ancurjsm . . 
over 30 cm. in diameter, and contained a large laminated thrombus; its proMinnl 
level communicated with the lumen of the aorta through a large opening. ic 
ternal surface of the aorta showed marked atheromatous degeneration and ulcera- 
tion throughout, especially in the abdominal portion, and also some ulcers 2 to o 
cm. in diameter, with deep overhanging walls tilled with thrombi and lipoul ma- 
terial. The thoracic aorta was markedly dilated and tortuous, and the lower half 
extended far into the left thoracic cage. There was also marked arteriosclerosis 
involving the muscular arteries. Other important associated abnormalities were 
left ventriculav hypertrophy and nephrosclerosis. 


COMMENT 

Excellent discussions of the etiology and pathology of this condition 
have been presented in other papers. In this ease, the outstanding 
etiologic factors were arteriosclerosis, hypertension, and probably oc- 
cupational trauma. Repeated pressure of the draftsman ’s board over 
a period of many years directly against the abdomen and sternum and 
indirectly on the atheromatous aorta might have been an important 
factor in the development of the aneurysm; however, one must admit 
that it might have been coincidental. This case again emphasizes the 
importance of severe oppressive pain with radiation. It is difficult to 
explain the wide distribution of the pain in this ease (probably a great 
deal of it arose from the arch and thoracic aorta), hut radiation of pain 
is one of the most common symptoms, and occurs in practically every 
ease, with the exception perhaps of some of the more fulminating lesions. 

Dissecting aneurysms rarely reach the dimensions of the one described, 
but in this regard there was a similarity to BahrdtV case, in which 
there was a pulsating tumor, the size of a lien’s egg, above the umbilicus. 

This case also shows that dissecting aneurysm is not necessarily an 
“acute eastastrope, ” as many are inclined to believe. The case of 
Rogers 1 and several others support this fact, and Hie pathologic reports 
are confirmatory. From the history, one might say that, the dissection 
probably began at least three years prior to the patient’s death. 

SUMMARY 

A ease of aneuiysm of the abdominal aorta, diagnosed ante mortem, 
is reported; this is the thirty-fifth dissecting aneurysm, and the second 
beginning in the abdominal aorta, on record. 

Ike author wishes to thank Dr. Roberto for the roentgenograms, and Dr Buel 
Latcher. The patient was originally under the care of Dr. Batcher who ' from 
the beginning, agreed with the author’s diagnosis. ’ ’ 
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INTRAUTERINE TRAUMATIC LESIONS OF THE HEART 

Report of a Case, With Autopsy 

Wynne M. Silbernagel, M.D., and R, S. Fidler, M.D. 
Columbus, Ohio 

N ONPENETRATING- injuries of the chest wall which produced 
cardiac lesions in adults have been reported by Kahn and Kahn, 
Kissane, Fidler, and Koons , 2 - 3 ’ 4 Bright and Beclc , 5 Beck , 0 and Moritz 
and Atkins . 7 These reports establish trauma to the heart as a cause of 
death in nonpenetrating injuries of the chest wall, and are supported by 
anatomic and experimental evidence. Intrauterine lesions of the heart 
produced by trauma to the maternal abdomen have not been reported. 
The following ease is presented to illustrate this condition. 


CASE REPORT 


The patient, a 17-year-old primigravida, . was under obstetrical care during her 
entire prenatal period, during which time her weight gain had been IS pounds. 
Three days before her estimated date of confinement she had her last prenatal exam- 
ination, at which time the baby was alive, as evidenced by fetal motion and fetal 
heart tones in the left lower quadrant at the rate of 13G per minute. Her entire 
prenatal course had been uneventful; the blood pressure was within normal limits, 
the urine on all examinations was negative for albumin and sugar, and the blood 
serologic reactions were negative. 

Six hours after her last prenatal examination she was in a severe automobile 
accident. The car in which she was riding as a passenger was struck from the 
left side by another car. She was thrown a distance of about ten feet from the car 
through the right car window, and struck her abdomen on the curb. She was taken 
to a hospital for treatment of lacerations of the forehead and right hand and severe 
contusions of the abdominal wall. In the accident room of this hospital it was 
noticed that the fetal motion and heart tones were absent. She was kept under 
observation at this hospital for two days, and, on the third day, which was her 
estimated date of confinement, she was brought to White Cross Hospital. 

Upon admission, the uterus was enlarged to the size of a full-term pregnancy, 
but death of the fetus was evidenced by the absence of fetal motions and heart tones. 
The uterine contractions were strong and regular, and occurred at three-minute 
intervals. Rectal examination showed that the cervix was educed, was dilated 2 cm., 
and that the head was at the level of the ischial spines. The labor was conducted 
under sodium amytal and scopolamine analgesia. Delivery was accomplished bv 
prophylactic forceps extractions, preceded by a right mcdiolateral episiotomy under 
nitrous oxide-ether anesthesia. The baby was a full-term still-born female, and 
weighed 7 pounds. The duration of labor was eleven hours and thirty minutes; the 
first stage lasted ten hours and forty-five minutes, the second stage, thirty-five 
minutes, and the third stage, ten minutes. 

Autopsy. Autopsy was performed on the stillborn child two hours after birth. 
Thejjody was that of a well-developed and well-formed female; it measured 48 cm. 


F ™ m the Departments ot Obstetrics and Pathology of Whit, 
the Department of Pathology, Ohio State University. ' ' 
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in length and weighed 7 pounds. There were no malformations or deformities, the 
skin was intact and of normal color, and the usual short portion of umbilical cord 
was attached and slightly dried. 

Upon opening the abdomen the peritoneum was found to be smooth and glistening 
and free from petechiae or ccchyinoscs; there were approximately 5 c.c. of a clear 
amber fluid free in the peritoneal cavity. The various viscera were in their normal 
positions, and the liver extended the usual distance below the right costal margin. 
There was no evidence of rupture of the liver; no subcapsular hematomas were 
found, and the cut surface of the liver was normal. The gall bladder, pancreas, and 
spleen were normal. The kidneys, ureters, and urinary bladder were entirelv normal. 
Both adrenal glands were normal for a newborn. The pelvic viscera were normal. 
The lymph nodes of the mesenteric and retroperitoneal groups were not enlarged. 
There was no retroperitoneal hemorrhage, and the lumbar spine and bony pelvis were 
normal. 



Fig. 1. — Lungs, pericardium, and diaphragm, showing hemorrhages over the external 
pericardial surface and mesial portions of the adjacent lung... 


Upon opening tbe thoracic cavity by elevation of the sternum, both pleural cay 
were found to contain approximately 10 c.c. of bloodtinged fluid. The pericardia -tc 
was rounded and widened to a transverse diameter of 3% cm. The tlijmus was 
the usual size and shape, with the right lobe extending downward as a thin pro onga 
tion just over the upper portion of the pericardial sac. There uas no evi enc ® 
hemorrhage into the thymus or mediastinum. There "as no fracture or is oca 
of the ribs, sternum, or dorsal spine, but on the lateral surface of the rigi pane a 


pleura there were several small petechial areas. 

The lungs were unexpanded, and, over the pleural surfaces of the middle < d 
upper lobe of the right lung, especially over its mesial surface, there were scattered 
areas of petechiae. There were similar areas in similar positions over the m - 
surface of the left lung. Cut sections of the lungs showed no evidence of expan- 
sion and no interstitial hemorrhage, and the trachea and bronchial tree were free < 

patent. 
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The external surface of the pericardial sac presented multiple areas of fresh 
hemorrhage, extending on the right side down to the level of the diaphragm (Fig. 
1). The pericardial sac was found to contain a markedly increased amount of 
hemorrhagic fluid. On the inner surface of the pericardial sac thoie were multiple 
areas of hemorrhage similar to those on its external surface. No gross tears of 
the pericardium were found. The heart presented multiple areas of hemorrhage over 
its anterior surface, and, involving the descending branch of the left, coronary 
artery and vein for a distance of 2 cm., there was an area of hemorrhagic extravasa- 
tion measuring 5 mm. in diameter (Fig. 2). Over the posterior surface of the heart, 
extending downward along the distribution of the descending rami of the circumflex 
artery, there were similar areas of hemorrhagic extravasation. Similar hemorrhagic 
material was found along the course of the right coronary artery. No contusion of 
the myocardium was apparent from the epicardial surface. Dissection of the 
coronary arteries failed to demonstrate a point of actual vessel rupture; the hemor- 
rhage described above appeared as a dense extravasation into the epicatdiuin. The 
coronary arteries showed no evidence of congenital sclerosis. Upon opening the 
heart, the various valves and chambers were found to be normal, and there was no 
evidence of endocardial hemorrhage or myocardial contusion. 



Fig. 


2. Lungs and heart after opening the pericardia 
the epicardial surface and along the lef 


sac, showing hemorrhage 
coronary vessels. 


over 


Examination of the bead showed 
and arachnoid were normal and free 
grossly normal. 


no lesions of the scalp or calvarium, the dura 
from hemorrhage and (cars, and file brain was 


The anatomic diagnosis was traumatic heart dispose pi..,,.., * • , , 

pericardial, and epicardial hemorrhaire with he ' •' , raclcnzcd 1j 3’ Plural, 

unexpanded lungs. ^ with hemopencardium, hemothorax, and 

Microscopic sections of the lun£?s nr, ^ 

rhage, and occasional alveoli filled with coagulatod^uhT’tlm 0 1 hcnl0r ‘ 

pleura appeared as infiltrating hemorrhagic extravasotio ' ’ ,emorrlia S e on the 
penetrating the pleura. S ' ' asjtl0ns elevating and sometimes 
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i Iicroscopic sections of the pericardial sac showed hemorrhagic infiltration of the 
ibrous external tissue, without tears; on the inner surface, this hemorrhage elevated 
and penetrated the endocardial lining. Sections of the heart itself showed extensive 
extravasation of fresh blood cells throughout the cpicardial tissue about the coronary 
arteries, with hemorrhagic invasion of the adventitial, and, in some cases, of the 
external medial, portions of these arteries and veins. The inner medial layers and 
Ultima of these vessels appeared normal in the various sections. There was only 
slight invasion of the adjacent myocardium by this recent hemorrhage. There was 
no evidence of organization in any of the hemorrhagic areas. Sections of various 
other organs and tissues showed no pathologic changes. 

The final diagnosis was traumatic heart disease characterized by acute hemorrhagic 
extravasation into the epicardium along the course of the coronary vessels, additional 
traumatic hemorrhages into the pericardium and pleura, hemopericardium, hemo- 
thorax, and death in utero with unexpanded lungs. 

DISCUSSION 

The cardiac, pericardial, and pleural lesions in this case were entirely 
comparable, and were similar to those in previously published cases of 
traumatic heart disease. Epicardial lesions are more common than 
lesions of the myocardium and pericardium. Hemopericardium is also 
frequent in this condition. The trauma manifest in this heart and 
pericardium would he considered quite extensive even in the adult heart, 
so that the hemorrhage could be properly designated as massive. 

The fact that there was an apparently normal heart and baby a few 
hours before the injury, the history of a severe, direct blow to the 
maternal abdomen and uterus, and the discovery that the baby was dead 
soon after the injury establish a sequence of events which is entirely 
compatible with the autopsy observations. 


SUMMARY 

A case of intrauterine cardiac injury which was produced by a non- 
penetrating blow to the maternal abdomen and resulted in the death 
of the fetus is reported. 
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Abstracts and Reviews 


Selected Abstracts 


Friedman, M., and Kaplan, A.: Studies Concerning the Site of Renin Formation 
in the Kidney. IV. The Renin Content of the Mammalian Kidney Following 
Specific Necrosis of Proximal Convoluted Tubular Epithelium. ,T. Exper. Med. 
77: 65, 1943. 

The admission of tartrate to adult rabbits was found to produce in some of 
them, a profound and widespread necrosis of the proximal convoluted tubular epithe- 
lium without affecting the other portions of the nephrons. 

The markedly damaged kidneys were found to be almost completely devoid of 
pressor substance (renin), indicating that in the mammalian kidney, the epithelium 
of the proximal convoluted tubules is concerned in the formation or storage of 
renin. 

Authors. 


Dauber, D. V., and Kata, L. N.: Experimental Cholesterol Altheromatosis in an 
Omnivorous Animal, the Chick. Arch. Path. 34: 937, 1942. 

Twenty-four 10-day-old cockerels were divided into two equal groups. One group 

r fC - dlCt f01 ‘ fift0Cn WCCks - The ‘ cccon(1 S ,0U P Wils Priced on the 
‘ . d P _ US 2 ’ 5 t0 a P Gr cent cholesterol in cottonseed oil. In none of the control 
cockerels did vascular lesions develop. In seven of the twelve cholesterol-fed birds 

he e ~nf fr dy ' ng W, ? Un Cigi!t wcek ®> 8»'e«>nmt 0 us deposits developed in 
the aorta. Of those seven clucks, three had infimal atlicromatous lesions in the 
coronary arteries w.tl, resultant narrowing of the vessel lumens; two of the seven 

m thC SpleniC art0ries - T1,C hcurts of t,le cholesterol-fed 
control' series^ n '° rC “ Pr ° P ° rt,0n to the b °<b "’eights than did those of the 

The chick is an omnivorous animal in which experimental atheromatosis cun 1,0 
P roduced by feeding a higli cholesterol diet. The induced arterial lesions 
Tokens 6 eaTll6St Sp ° ntanOOUS atlier °mntosis which develops with* advanced age in 


~ al «"<» Effective in 

thin-walled ^cylinders, ^ ginc ? li ° e for stress >» the walls of 

values. ' P ° SSlble t0 r ° ]ate stress aortic wall ( 0 blood pressure 

serigraph. ° 1)t!uned b -" -stretching strips of aortas on the 

Percentage extensibility of the strins ,,-r „„ . 
systolic and diastolic pressures is consistent wUh tL" ^ for 

tl0ns - " lth the 110 ™ al stroke volume considera- 
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With aging, fibrosis, and sclerosis, there is a. tendency to convert the plastic 
c) mdci into a rigid one. A redistribution of force vectors accordingly follows the 
rivet rule, and hence a normal blood pressure may become an effective agent of 
rupture. 

Author. 


Swingle, W. W., Remington, J. W., Kleinberg, W., Drill, V. A., and Eversole, W. 

J.: An Experimental Study of the Tourniquet as a Method for Inducing Circu- 
latory Failure in the Dog. Am. J. Physiol. 138: 156, 1942. 

The tourniquet method for producing shock, in which both hind legs were con- 
stricted by heavy-walled rubber tubing tightly tied around the hips for a period 
of five hours, has been studied in a large series of dogs. 

Of twenty-five untreated control animals, all but one died in shock following 
the release of the constrictions. The survival periods ranged from three to twenty- 
seven hours. Associated with the shock condition was a marked swelling of the 
injured legs, an intense hcmoconcentration, and a plasma volume reduction of 49 
per cent. 

In all animals in which leg infections were prevented by proper antiseptic treat- 
ment, the snug bandaging of both legs prior to, or immediately after removal of 
the constrictions, successfully prevented shock. While shock was prevented by the 
bandaging, the legs were paralyzed and recovered but slowly. 

A plasma transfusion of 25 c.c. per kg. body weight, given immediately after 
release of the constrictions or later, failed to prevent hemoeoneentrntion, and did 
not prevent death in nine of twelve dogs. 

The same amount of plasma, divided into five doses of 5 c.c. per kg. body weight 
each, and transfused intermittently over a seven-hour period, prevented shock in all 
of seven dogs. This positive effect could not be correlated with hemodilution changes. 

Authors. 


Eyster, J. A. E., and Meek, W. J.: Cardiac Injury Potentials. Am. J. Physiol. 

138: ICO, 1942. 

The potential time curve, derived from an injured region of heart muscle by the 
use of the suction electrode, is remarkably similar in contour and magnitude when 
recorded from different regions of the same heart, from different animals of the 
same species, and even from animals widely separated in the animal scale. It repre- 
sents a local potential change which does not involve the normal muscle contiguous to 
the injury, although a potential field develops in a conducting field which surrounds 
it on all sides. The contour and magnitude of the curves differ little in exti asj stoles 
as compared with normal beats, in contrast to the marked differences in unipol.u 
and differential potential time curves in these two circumstances. 

The change in an injured region from a negative potential to a positive potential, 
which occurs when the muscle contiguous to the injury enters into activity, is due 
to some process in the contiguous uninjured muscle or at the boundaiy between tie 
injured and uninjured muscle. The start of this potential change at all sur ace 
regions of the ventricle precedes the rise of intraventricular pressuie by an intei va 
which varies with the location of the injury. At each local region, its onset prece 
the onset of local or fractional contraction of the region by an approximately con- 
stant interval. 

The possible relation of the start of the injury activity potential to he "excitation 

process ’ ’ or "impulse” in the contiguous active muscle is discussed. 

1 * Author. 
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Rosen, S. R., and Smith, K. L.: The Role of Heart Disease 
the Senium. Am. .T. M. Sc. 205: 4S, 1043. 


in the Psychoses of 


The cardiovascular status of forty-three cases of psychoses in the senium was 
carefully evaluated. 

Venous pressure and arm-to-carotid circulation times were determined. 

Twelve cases had advanced cardiac disease and showed markedly abnormal values, 
fifteen cases Imd minimal organic heart disease without symptomatology; and 
sixteen had no demonstrable organic heart disease. These last, two groups had normal 
venous pressures and very moderately elevated arm-to-carotid circulation times. 

The significance of the above findings is considered, and the role of arterio- 
sclerosis discussed as a possible cause for the moderately elevated circulation tune. 

It is concluded that cardiac disease plays a minor role, if any, in the psychoses of 
the senium in which obvious advanced heart disease is not present. 

Authors. 


Tuttle, W. W., and Templin, J. L.: A Study of Normal Cardiac Response to 

Water Below Body Temperature With Special Reference to a Submersion 

Syndrome. J. Lab. & Clin. Med. 28: 27 1, 1942. 

On the basis of data collected from sixtv-eight college women, the following con- 
clusions are drawn concerning the effects of submersion in water: 

Submersion in water of swimming pool temperature causes a drop in the heart 
rate of normally adjusted persons. 

The amount of decrease in heart rate due to submersion varies directly with 
the resting rate. 

Failure to experience a decrease in heart rate when submerged in water below 
body temperature is due to a lack of emotional adjustment (fear) or to a failure 
to compensate physiologically. 

Where emotional factors are controlled, failure to experience a significant drop in 
pulse rate during submersion in water below body temperature indicates sensitivity 
to the water. 

It is suggested that the conditions causing a failure to make normal adjustments 
to submersion in water be called the “submersion syndrome. " 

Authors. 


Reingold, I. M., Neuwelt, F., and. Necheles, H.: Circulating Time in the Human 
Being and in the Dog as Affected hy Pasting and hy Meals. J. Lab. & Clin. 
Med. 28: 289, 1942. 


The circulating time was determined in a group of human subjects and in dogs. 
The sodium cyanide method of Loevenhart and associates was employed. During 
the fasting condition considerable variations of circulating time were found in the 
human being and in the dog, and following meals the same or somewhat greater varia- 
tions in circulating time were obtained. The authors' results indicate no significant 
or uniform changes in circulating time in any one direction in either the fasting 
or the postprandial state. The nature of the meal did not seem to determine changes 
m circulating time. The significance of the findings and the discrepancy of the 
results from those of other workers are discussed. } 

Authors. 

Simonson, E., and Enzer, N.: Physiology of Muscular Exercise and Fatigue in 
Disease. Medicine 21: 345, 1942. 

The material reviewed shows that there is a quantitative rather than a qualitative 
difference of physiologic processes in exercise in disease. The limit to which they 
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can be increased is depressed, and this limit is reached more rapidlv in disease 
Tins is due to the fact that many mechanisms involved in muscular exercise become 
compensatory during rest in pathologic conditions. Therefore, these mechanisms 
are no longer available to their full extent to meet the demands of exercise; conse- 
quently working capacity is reduced or, what is the same by definition, fatigability 
is increased. Naturally, the impairment of various functions as well as the involve- 
ment of compensatory mechanisms vary in different diseases. The patient, naturally, 
realizes his diminished working capacity as subjective fatigue. This review attempts 
to show that fatigue and disease are intimately related. This relationship explains 
why fatigue is the most common complaint of disease. 

Authors. 


Sclierf, D., and Terranova, R.: Electrocardiographic Studies of the Displacement 

of S-T Segment in Experimental Thoracic Contusion. Rev. argent, de cardiol. 

9: 157, 1942. 

The appearance of a displacement of the S-T segment (high or low take-off) in 
the electrocardiogram, following blunt trauma to the precordium was studied in 
twenty-five cats. The displacement was obtained in fifteen animals. It disappeared 
within ten minutes. It is suggested that it is caused by a direct injury to the 
superficial layers of the myocardium. A high or low take-off of the S-T segment, 
appearing later, or persisting longer after the trauma, is probably due to a com- 
plication, like a pericarditis. 

Authors. 

Luisada, A.; On the Value of Mechanical and Acoustic Registration in the 

Diagnosis of Bundle Branch Block. Rev. argent, do cardiol. 9: 169, 1942. 

A clinical case is described in which mitral insufficiency due to rheumatic endo- 
carditis and fibrosis of the myocardium arc present. 

The electrocardiogram of the patient indicated a right bundle branch block. On 
the contrary, the acoustic and mechanical records, ns well as the fluoroscopy, gave 
evidence of the delayed contraction of the left ventricle. 

A third heart sound was present during the descending branch of the V wave 
of the venous tracing. A discussion on the possibilities of extra sounds occurring in 
patients with bundle branch block led to the conclusion that it was impossible to 
ascertain whether or not it was an opening snap of the mitral valve. The diagnosis 
of mitral stenosis was, therefore, not supported by the records. 

A wide bilateral lesion of the bundle branches should be admitted. In spite of 
the predominance of the lesion on the left side, the hypertrophy of the right ■von 
tricle due to the mitral defect gives to the electrocardiogram the “ right-side ” type- 

The author wishes to call special attention to the importance of the mechanical 
and acoustic records in order to determine the particular side of a bundle branch 
block. The electrocardiogram should only point out the existence of widespread 
lesions below the His bundle. 

A dissociation in the C wave of the venous tracing illustrates the existence of two 
components of it, each related to the activity of one ventricle. 

Author. 


Wilbume, M., and Langendorf, R.: The Significance of the Electrocardiogram 
With Prominent S Waves in Leads I, II, and III. .T. Lab. A- Clin. Ned. 28: 
303, 1943. 

Electrocardiograms exhibiting prominent S waves (final inverted phase of the 
QRS complex measuring 25 per cent or more of the upright phase) in Loads 1, IL a,u 
III were present in S4 cases of I,S50 consecutive electrocardiograms reviewed. 
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In 41 of these cases definite electrocardiographic abnormalities, such <s 
ventricular preponderance, right ventricular preponderance, combined ^ 

ventricular strain, myocardial infarction, and nonspecific abnormal patterns .t 
found. In S others, questionable abnormalities were present. 

In 35 cases no other deviations from the normal pattern were observed and these 
were regarded as the otherwise normal S typo of electrocardiogram. The criteria 
employed in this deduction are described. In 19 of these cases no demonstrable heart 
disease was present; in 3 the clinical findings were inconclusive; and m 13 there nas 

clinical evidence of heart disease. ^ . 

It is concluded that electrocardiograms exhibiting prominent S waves in Leads 
I, II, and III are more common in patients with evidence of heart, disease than in 
normal persons in the population of an electrocardiographic laboratory. However, 
in an otherwise normal electrocardiogram the S type may he a normal variant, but 
before this decision is made the case should be thoroughly investigated. 


A TT^rrmncj 


Currie, G. M.: Transient Inverted T Waves After Paroxysmal Tachycardia. Brit. 

Heart J. 4: 149, 1942. 

A case of recurrent paroxysmal tachycardia in a girl with neurocirculatory asthenia 
is described; at the time of first observation she was 13 years of age and is now 
16; serial cardiograms during and after each attack showed transient inversion of the 
T waves and a lowering of the S-T interval in one scries; there was a return to 
normal in each case in a month; the degree of the inversion is probably affected by 
the duration of the attack. The relative importance of the clinical over the 
cardiographic findings in giving a prognosis in such cases is stressed, and a possible 
cause of the inversion is put forward. 

Author. 


Cooke, W. T., and White, P. D.: Prognosis in Paroxysmal Tachycardia and 

Paroxysmal Auricular Fibrillation. Brit. Heart J. 4: 153, 1942. 

When the cardiovascular system is normal, attacks of paroxysmal tachycardia arc 
uncomfortable, but relatively unimportant incidents. 

The probability of any attack ceasing is extremely good, but the occurrence of 
an attack in a patient seriously ill must be regarded with some apprehension, and 
the occurrence of heart failure as a result of the attack may lead to the formation 
of intracardiac thrombi and subsequent emboli. 

The occurrence of paroxysmal auricular tachycardia in apparently healthy per- 
sons seems to have no effect upon the prospect of their longevity. When occurring 
late in life, the prognosis, in general, is that of the underlying heart disease, if 
present. 

Paroxysmal auricular fibrillation is probably common. When occurring in patients 
below the age of 40 years, it may be considered as having no prognostic significance, 
while in later life the occurrence of fibrillation may, in somo cases, be the first sign 
of serious heart disease. 

It is impossible to forecast with any certainty either the frequency or the duration 
of the attacks of paroxysmal auricular tachycardia and fibrillation. 

Authors. 


Gilson, A. S Jr.: The Locus and the Nature of the A-V Pause in the Spread of 
Cardiac Activation. Am. J. Physiol. 138: 113 , 1912. 

It is concluded that an “excitation time" theory mav he 
delay normally occurring in the transmission of the eardiim impulse across 
ventricular junction » the turtle heart. Ventricular excitation normalises noi 
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occur during or because of the arrival and rise of the atrial action potential, but 
during the period of electrical recovery of the atrium. Long atrioventricular delays 
may involve serial activation of several elements thus multiplying the single junc- 
tional pause found in the normal heart. 

Author. 

Hunter, A., and Lipscomb, J. M.: Congenital Pulmonary Atresia With Cerebral 

Thrombosis and Hemiplegia. Brit. Heart J. 4: 124, 1942. 

Cerebral manifestations in pulmonary atresia and stenosis are well recognized. 
They have been attributed either to paradoxical embolism, or to cerebral thrombosis 
associated with the polycythemia. Hemiplegia and epileptiform attacks are recorded 
by the authors, which were shown at necropsy to be due to cerebral thrombosis. Their 
transient nature may be explained by the absence of softening of the brain although 
there was such extreme distension and thrombosis of the cerebral veins. 

Authors. 

Bremer, J. L.: Transposition of the Aorta and the Pulmonary Artery: An 

Embryologic Study of Its Cause. Arch. Path. 34: 1016, 1942. 

Transposition of the aorta and the pulmonary artery is the common factor in 
many anomalies of the heart, and as such should be the result of some slight and 
easily produced variation from the normal course of development. Models and 
drawings of human hearts of 5 mm. and less show great differences in shape, espe- 
cially of the bulbar region. The lower part of the bulb is transformed into the right 
ventricle by the outgrowth of sinusoids, sprouting earliest and most profusely from 
the convex surface of some acute curve. The sharpest curve in the normal bulb 
points downward and forward, and the spongy substance of the right ventricle, there- 
fore, is chiefly on the ventral and apical walls. In a few of the younger hearts shown, 
the sharpest curve points downward and backward or dorsally, and in one human 
embryo studied, the sinusoids, which are just developing, are found on the apical 
and dorsal walls of the ventricle. Continued growth in this dorsal position would 
meet the opposition of the diaphragm, and the right ventricle would be forced ven- 
trally. Since the left wall of the embryonic right ventricle is attached to the inter- 
ventricular canal, ventral displacement can be accomplished only by a rotary anti- 
clockwise motion, which when transmitted to the distal bulb would counteract the 
normal dextral torsion and result in transposition. 

The expansion of the dorsal and lateral walls at the expense of the ventral wall 
might also result in the displacement, ventrally of the supraventricular crest, the 
bulboatrial ledge, and the anterior tricuspid ledge, and in their intensification to form 
more or less complete septums across the ventricle. The ventral pouch bordered 
by such septums is not, however, the true right ventricle. Stenosis of the pulmonary 
artery may depend on tire efficiency of such septums. Failure of the ventral sinusoids 
may cause the malformation or absence of the ventral interventricular septum, 
resulting in ‘‘crossed transposition.” 

‘ ‘ Overriding of the aorta ’ ’ is due to arrest of development, as all mammalian 
embryonic hearts pass through this stage before the final separation of the ventricles 
by the growth of the membranous portion of the interventricular septum. This condi- 
tion has no connection with transposition. 

The main deductions of this paper rest chiefly on the tenuous basis of conditions 
found in a single human embryo, and are therefore submitted as a theory rather 
than as a proved exposition of the cause of the anomaly. Yet they trace the logical, 
mechanical effects of growth forces on an observed variation from normal, and 
show how these would result in transposition and its many accompanying changes 
in the heart. 


Author. 
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Bayles, T. B.: Rheumatoid Arthritis and Rheumatic Heart Disease in Autopsied 
Cases. Am. J. M. Sc. 205: 42, 1943. 

Of twenty-three autopsied eases of rheumatoid arthritis, six were found to have 
changes in the heart valve leaflets and myocardium similar to those that usually 
follow rheumatic fever. The histologic lesions of one of these six could possibly 
be considered active and five were inactive in character. Excluding one patient 
because of definite rheumatic fever and rheumatic heart disease present in child- 
hood, 22 per cent had rheumatic cardiac lesions. The factors of accentuation on 
cardiac death, the relatively large group with cardiac changes ante mortem 
as compared to control groups, and the small number of eases (possibly one) with 
active rheumatic fever lesions have been pointed out. The rheumatoid arlhritics 
in this apparently selected series have a rather high incidence of cardiac lesions 
similar to those that follow rheumatoid arthritis. A coincidence, a relationship of 
rheumatic fever and rheumatoid arthritis, or the possibility that the heart disease 
is related to rheumatoid arthritis, might be inferred from this data. Since patients 
with rheumatoid arthritis have to die of some other cause than their disease, it would 
be safer and probably wiser, as yet, to delay a final conclusion until further studies 
teach us which one of the above three situations truly obtains. In the clinical treat- 
ment of these patients, we have preferred to regard the cardiac changes as a coinci- 
dence of rheumatic heart disease and rheumatoid arthritis. 

Author. 


Bullrich, R. A.: Mitral Stenosis With Arterial Hypertension. Rev. argent, de 
cardiol. 9: S7, 1942. 

A review is made of observations reported in the literature of arterial hyper- 
tension coexisting with mitral stenosis, and thirteen eases of the same combination 
observed among one hundred and sixteen patients with mitral stenosis are reported 
and commented upon. It is the author’s opinion that arterial hypertension observed 
in mitral stenosis has no relation to the valvular disease, and is a consequence of 
the survival of patients to an age where hypertension appears with equal frequency, 
and by the same causes, as in the general population. The increased percentage 
of women is due to the accidents of menopause. Arterial hypertension seems to have 
no influence on the evolution of cardiac insufficiency in patients with mitral stenosis. 

Author. 


Findley, T., Edwards, J. C., Clinton, E., and White, II. L.: Clearance of Diodrast, 
Phenolsulfonphthalein and Inulin in Hypertension and in Nephritis. Arch 
Int. Med. 70: 935, 1942. 


Values for renal blood flow, glomerular filtration rate and tubular secretion of 
diodrast are reported on a series of normal subjects and patients with essential 
hypertension, glomerulonephritis and other types of renal disease. 

Plasma clearances of diodrast and inulin, even when interpreted in the light of 
tubular secretion of diodrast, indicate absence of renal ischemia in a high proportion 
of subjects with uncomplicated essential hypertension. fe P P 

Under controlled conditions the ratio between inulin clearance and diodrast clear- 
anee can represent the li filtration fraction 33 but hio-li *, \ • 

tension probably result from diminished diodrast extraction ra^Vef ^l^rfro^^" 
creased filtration pressure. extraction rather than from in- 


Authors. 



340 


AMERICAN HEART .JOURNAL 


Da il n 'f W ' " ntl Nuzum ' r - Critical Statistical Analysis of Data on Eenal 
“]"r UPCd SUbjeCtS With ESS6ntial Hypertension - Arch. Int. Med. 

Instead of studying differences between single examples and noting variations be- 
ne en two random single samples, a more sensitive observation is made by comparing 
the results of renal function tests on patients with essential hypertension as a group! 
with results of the same tests on normal subjects as a group. 

Working even in this manner we find that there is no variation of the renal func- 
tion from the normal m a patient with essential hypertension because of the age 
of the patient, or because of the duration of flic disease. 

iliere is a retardation of the flow of urine in patients with hypertension having 
high diastolic pressures. 

Iliere is some indication of retardation of urinary flow and compensatory nocturia 
in hypertensive patients on an alkaline diet. 

In general, there is fixation of specific gravity and retardation of phenolsulfon- 
phthalein output in patients with hypertension. 

'the Volliard concentration and the phenolsulfonphthalcin excretion test them- 
selves aro of no use clinically for the differential diagnostic purpose of distinguishing 
between persons with essential hypertension and normal persons in isolated instances. 
These studies indicate variation in the physiologic processes of the kidney due to a 
disease process coexistent with essential hypertension. 

Authors. 


Dempsey, W. S.: The Adrenal Cortex in Essential Hypertension. Arch. Path. 34: 

103.1, 1942. 

In a series of unsclected routine autopsies on adult subjects, the adrenal glands 
were removed, fixed in dilute solution of formaldehyde, carefully dissected free 
of surrounding fat, and the adrenals from each subject weighed together. Paraffin 
sections were made from a block, cut transversely through the thickest part of each 
adrenal, and stained with hematoxylin and eosin. 

Cases of essential hypertension and a group of nonhyportensive controls were 
segregated on the basis of rigid criteria. Other cases were appropriately grouped in 
separate categories. 

The average weight of the adrenal glands in cases of essential hypertension is 
not significantly higher than that in nonhypertensive control cases. 

Nodular or adenomatous hyperplasia of the adrenal cortex is not regularly found 
in association with essential hypertension, and it occurs with considerable frequency 
in nonhypertensive cases. 

The microscopic appearance of tortuosity of the adrenal cortical coids and 
abundant deposition of fine lipoid droplets in the cortical cells is not, consistent!} 
associated with the gross finding of irregularity and nodularity of the adrenal cortex. 

Author. 


Etch, A. E.: Additional Evidence of the Eole of Hypersensitivity in the Etiology 
of Periarteritis Nodosa: Another Case Associated With a Sulfonamide Eeac- 
tion. Bull. Johns Hopkins Hosp. 71: 375, 1942. 

In a previous paper the writer described a series of cases in which periartei itis 
nodosa was found at autopsy in patients who had had hypersensitive reactions ie 
suiting from foreign serum and sulfonamide therapy, and evidence vas piesented 
that periarteritis nodosa can be a manifestation of the anaphylactic type of hyper- 
sensitivity. The present report describes an additional case, in which periarteritis 
nodosa developed following a reaction (fever; conjunctivitis) to sulfathiazole. 
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This case is of particular interest for the reason that there was an opportunity 
to examine tissue removed from the patient’s scrotum at five months and at one 
week before the sulfonamide reaction occurred, and nine days following the reac ion. 
Periarteritis nodosa was not present in the specimens of scrotum removed before 
the reaction occurred. It was present there, and widespread throughout the body, 
following the reaction. 

This case, in conjunction with the series described- in the previous paper, is a 
further indication, derived from clinical and pathologic material, that periarteritis 
nodosa is a manifestation of anaphylactic type hypersensitivity. 

In experiments carried out with Dr. John E. Gregory, to be reported presently, 
typical visceral periarteritis nodosa has been produced by the intravenous injection 
of a single, large amount of foreign serum into the normal animal, thus providing 
the opportunity for a protracted circulation of antigen while hypersensitivity de- 
velops. 

These observations indicate that the continued administration of a sulfonamide or 
of foreign serum after symptoms of hypersensitivity have appeared, or the injection 
of a single large amount of foreign serum, carries the danger of producing vascular 
damage of the periarteritis nodosa type. 

Author. 


Sappington, S. W., and Fisher, H. R.: Arteriosclerosis Obliterans: A Study of 
the Lesions in Occluding Peripheral Sclerosis, With a Note on Monckeberg’s 
Sclerosis. Arch. Path. 34: 989, 3942. 

Forty-four eases of arteriosclerosis obliterans were studied by completely dis- 
secting out the arterial trees from forty-four amputated , gangrenous legs. This 
paper is a report of the vascular lesions present, together with deductions from the 
findings. 

Gross study showed an extraordinary amount of arterial occlusion, averaging 
44 per cent of the entire length of the anterior tibia], posterior tibial and peroneal 
arteries and indicating the great degree of arterial obstruction preceding gangrene. 

Microscopic examination confirmed the gross estimate of arterial blockage. The 
average number of vessels occluded per case was 2.3. The occluding lesions ap- 
parently represented various stages and regressions of organizing obstructive clots. 
Atheroma was not a major or necessarily a participating feature. Vessels with the 
highest incidence of atheroma exhibited the lowest percentage of occlusions, while 
those with the highest incidence of closure presented the least degree of atheromatous 
involvement. It is suggested that abnormalities of the blood flow may be initiating 
factors in the formation of occluding clots. 

The outstanding lesion of the media, calcification, was demonstrated in 100 per 
cent of thirty-eight cases roentgenologically and in 98 per cent of forty-four cases 
microscopically, but bone formation was also found in 70 per cent of the cases and a 
study of the obvious relationship between these two, leads us to conclude that, 
contrary to the usual conception, bone formation precedes calcification in the media 

m arteries of the legs, and probably accounts for the major part of the calcification 
found there. 

Authors. 

Knipp M. A.: Urinary Sediment in Visceral Angiitis (Periarteritis Nodosa Lumis 

“ DiEeaSe ” ): Quantitative Studies. ^ ZkZ 

S~ osus Lib - 

particutar reference to the clinical manifestations of tlVreild ^ 
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n seven cases no specific changes in urinary sediment were discovered but in 
fourteen cases a singular, picture of the sediment was observed. The uniqueness of 
this picture lies in the presence of red blood cells, red cell easts, oval fat bodies 
fatty casts, broad casts and abnormal quantities of protein in the same specimen of 
urine. These elements do not occur together in association with glomerulonephritis 
or with any other renal lesion with which the author is familiar. 

J his unusual sediment is of diagnostic value in doubtful cases of the disorders just 
mentioned. J 

The term visceral angiitis is advanced as a convenient clinical designation for 
these disorders and is not meant to imply a common etiologic relation. 

Author. 

Barman, J. M., Moreira, M. F., and Consolazio, F.: The Effective Stimulus for 

Increased Pulmonary Ventilation During Muscular Exertion. J. Clin. Investiga- 
tion 22: 53, 1943. 

The increase in pulmonary ventilation has been studied in normal r/.en exercising 
the limbs, first with normal circulation, and then with the circulation cut off by 
pressure from inflated cuffs. 

Very light exercise (at a rate of 12 kilogrammeters per minute) of the flexors of 
the hand during total ischemia of the arms, usually resulted in a smaller ventilation 
than when the arms had normal circulation. Release of the ischemia was followed at 
once by a marked hyperventilation. 

In subjects walking uphill on a treadmill (at a rate of 700 kilogrammeters per 
minute for a 90-kilo subject), total ischemia of both legs results in a marked diminu- 
tion of pulmonary ventilation, even though the nervous pathways were intact, and 
release of the ischemia was followed at once by a marked hyperventilation, much 
higher than the value prior to ischemia. 

These results are interpreted to mean that the chemical stimulus for increased 
ventilation in exercise of these types is far more important than the reflex. 

The discrepancies between the authors’ results and Harrison’s are perhaps due to 
the fact that consistent results are found only after the subjects have become well 
accustomed to the experimental procedures by several repetitions of the experiments, 
and when exercise of sufficient severity is used so that the changes in ventilation and 
oxygen consumption are relatively large in magnitude. 

Authors. 


Sigler, L. H.: Hyperactive Vasodepressor Carotid Sinus Reflex. Arch. Int. Med. 

70: 9S3, 1942. 

This paper covers a study of the vasodepressor effect induced by the carotid 
sinus reflex. Seven hundred patients were tested, most of whom had demonstrable 
cardiovascular disease. Of these, 447 were males and 253 were females. 

The patients were divided into four groups according to the original blood pres 
sure. In Group I were included subjects with normal blood pressure; m Group , 
patients with low grade hypertension; in Group III, those with moderate hyper- 
tension, and in Group IV those with marked hypertension. 

It was found that, roughly, about 8S per cent of the males and S- per cen 
the females showed a drop in pressure. If a drop of less than 0 mm. is exc u 
as of insufficient significance, the response is reduced to about iS per cen or r 
and 71 per cent for females. The response occurred more frequently and m g 
degree in the older age groups. Also, the higher the blood pressure the more frequent 
the response and the greater its degree. A drop was more frequent in the systo he 
pressure than in the diastolic. A drop in pressure often occurred m patients with- 
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out eardioinhibition but was more frequent in those who also showed cnrdioinlubition 
In such patients, the frequency and the degree of vasodcprcss.on roughly corresponded 

to those of eardioinhibition. . , 

There was a marked difference in response to stimulation on the two sides m man} 
cases. The amount of stimulation required to produce the maximum response varied 
from case to case and with the position of the patient. 

The findings point to the existence of an inherent instability in the vasomotor 
system in persons who show a marked vasodepression induced by the carotid sinus 
reflex, which the test helps to demonstrate. The scat of this instability is cither in 
the medullary synapses or in the vasomotor terminals in the vascular tree. Arterio- 
sclerosis is possibly one of the underlying predisposing causes of such instability, as 
evidenced by the fact that the reflex is most prevalent under circumstances in winch 
arteriosclerosis is apt to occur, that is, when the patient, is a man, is of advanced 
age, and has a high degree of hypertension. 

Annina. 


Starr, I., and Jonas, L.: Supernormal Circulation in Besting Subjects (Hypcr- 

kinemia) With a Study of the Belation of Kinemic Abnormalities to the Basal 

Metabolic Kate. Arch. Int. Med. 71: 1, 1043. 

In a total experience of about 1,400 estimations of cardiac output, one hundred 
patients were encountered in whom the resting circulation was above normal, a 
condition we have called hyperkinemia. These patients were usually underweight, 
and they tended to hare resting pulse rates above normal. 

Hyperkinemia was encountered in almost all patients with thyrotoxicosis without 
cardiac involvement and in most patients with patent ductus arteriosus. It was 
found often in patients with emaciation and less frequently in those with pulmonary 
abnormalities, fever, anemia, hypertension and peripheral arteriovenous communica- 
tions. 

In seventeen patients, hyperkinemia was present without any complicating condi- 
tion having been discovered. These patients with essential hyperkinemia resembled 
patients with thyrotoxicosis in appearance, but the basal metabolic rate was always 
normal. The clinical characteristics of this subgroup have been described in detail. 

The relation between abnormalities of the circulation and the basal metabolic 
rate has been studied by statistical methods. In uncomplicated hyperthyroidism and 
hypothyroidism the relation is almost 1 to 1 ; i.e., on the average, an abnormal in- 
crement or decrement in the basal metabolic rate is accompanied by an equal per- 
centage change in the circulation. In heart disease these two functions are related, 
but the relationship is more nearly 1 to 0.5. Under such conditions the circulation 
is less than normal for any given metabolic rate, and the higher the metabolic rate 
the greater the circulatory deficit. 

Other instances of deviation from the normal 1 to 1 relationship between circula- 
tion and metabolic rate have been found in cases of emaciation and in some cases 
of hyperthyroidism after partial thyroidectomy. 

Authors. 


Leiter, L., Eichelberger, L., and Koma, M.: Studies on Benin: The Duration of 
the Pressor Effect of .Large Doses in Conscious Normal and Benally Abnormal 
Dogs. Observations on Anesthetized and Uremic Dogs, and the Anaphylactic 
and Pathological Effects of Pig Benin. J. Clin. Investigation 22: 31, 1943. 


Trained, conscious dogs, injected with renin intravenously, in single moderate or 
large doses, sufficient to elevate the mean femoral blood pressure 50 to 100 mm Hg 
gave similar pressor responses whether their kidneys were normal or experimentally 

nephrectomy °' P,r ‘"' « »eter S , with or without 
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Multiple doses of renin, or continuous injection by pump, pro-.lmv.] a p r . 
plateau in renally normal and abnormal dogs, but the blood pre.-.-uro n-iuns-'d to 
the control level within an hour after the injection in all of the normal animal- nr 1 
in most of the dogs with unilateral or less extensive bilateral renal lesions. 

Marked prolongation of renin pressor activity was observed chiefly in do-;- nirh 
bilateral, experimental, renal abnormalities following multiple doses or continuous in- 
jection of kidney extract, free from depressor material. 

Prolonged duration of renin pressor activity also occurred in anesthetized, renallv 
normal dogs and in the majority of conscious dogs with uncomplicated uremia. 
Dogs with experimental hypertension and uremia reacted irregularly. 

Repeated experiments on the same animal with heterologous renin led to the 
development of anaphylaxis. Dogs sensitized to pig renin reacted normally to dog 
renin. 

The pathologic lesions of experimental malignant hypertension can he induced or 
accelerated by the injection of foreign renin, not only in dogs with excessive renal 
ischemia or necrosis, but in some animals without severe hypertension or uremia. 

The prolonged effect of renin in conscious dogs with extensive renal abnormality 
is regarded as evidence in favor of the renin etiology of experimental renal hyper- 
tension, and in support of the view that the ratio of normal to abnormal 
(‘ ‘ isehcmic ? J ) renal parenchyma is a determining factor in the dog’s response to 
exogenous, as well as endogenous, renin. 

The relation of renin to human “essential” hypertension remains an open ques- 
tion. 

Arritoi:.-;. 



Book Reviews 


Vascular Spasm. Experimental Studies: By A. J. Nedzel, M.D., Associate 

Professor of Pathology, University of Illinois. University of Illinois Press, 

1943, 151 pages, 1G1 illustrations, $2.75. 

This monograph is devoted chiefly to the presentation of the thesis that vascular 
spasm is the initial step in the production of the lesions of such diverse diseases 
as endocarditis, gastric ulcer, and multiple sclerosis. The evidence marshalled in 
support of the author’s position was obtained from experiments on dogs in which, 
as the author admits, “highly exaggerated” vascular spasm was produced by re- 
peated injections of large doses of pitressin. One wonders whether an equally good 
case could be made for injections of preparations that act on the vascular bed in a 
direction opposite to pitressin. It is now well established that animals which arc 
required to absorb appropriate doses of histamine for weeks develop gastric ulcer in 
a high percentage of cases. 

The author’s thesis might have been strengthened by positive evidence from ex- 
periments in which epinephrine or some other sympathicominictic drug was used 
in more nearly physiologic doses. 

The monograph should prove of much value to those who are interested in the 
pathologic effects of large doses of pitressin, which the author has presented in con- 
siderable detail. Many will bo especially interested in the summaries of the litera- 
ture in the various sections of the book. The work is excellently printed and is 
effectively illustrated. 

Hiram E. Essex. 


A Shout History of Cardiology: By James B. Herrick, M.D., Emeritus Professor 

of Medicine, Bush Medical College, Chicago, 111. Charles C Thomas, Springfield, 

111., 1942, 258 pages, 49 illustrations, $3.50. 

It has often been said that no one should be allowed to enter medical school until 
he has read Vallery-Badot’s Life of Pasteur, or the experimental laboratory until 
he has read Claude Bernard’s Introduction to the Study of Experimental Medicine. 
Likewise, Dr. Herrick’s monograph is a prerequisite for anyone who aspires to be a 
cardiologist. It. is more comprehensive than R. 0. Moon’s Growth of Our Knowledge 
of Heart Disease and Rolleston’s delightful Harveian Oration on Cardio-Yascular 
Diseases Since Harvey’s Discovery. One is struck by the author’s dispassionate 
treatment of controversial questions and his judicious appraisal of men and their 
work. Much of the material is not new, of course, but the approaeli often is, and 
some neglected aspects of the. subject have been given the attention which they 
deserve, throughout the book one notes the healthy skepticism about “priority” 
which is so important for sound historiography. The fact that there is no substitute 
for experience is reflected on almost every page. One who had not lived a loner and 
observant life and had not himself been intimately in contact with many stirring 
events of medical history could scarcely have written this book. 


Horace M. Korns. 
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Two Mayo Clinic Publications 



CARDIAC CUNICS 

?, y , FR J5 DERICK A - WIIXITJB, B.S., M.D. MS In 
Med., Head of Section of Cardiology, Mayo Clinic- 
Professor of Medicine, Mayo Foundation for Medical 
Education and Research, Graduate School, Unlversi v 

°. f „ Mi ? n l S0 &-™ 276 paees > with 3 5 Illustrations. Price 
SllK Cloth, $£.00. 

The purpose of the book, as set forth in the 
Preface, is to bring to the general practi- 
tioner of medicine a solution to some of his 
problems regarding diagnosis and treatment 
of heart diseases. The cases presented largely 
represent the common run of diseases en- 
countered in practice, with the occasional 
introduction of an unusual condition. The 
records are actual records of patients exam- 
ined at the Mayo Clinic. Discussion is 
frank, and short sections regarding certain 
phases of disease, their pathologic physiology, 
pathology, special diagnostic methods, and 
treatment have been introduced. 


CARDIAC CLASSICS 

By FREDERICK A. WIIXIU8, M.D., M.S. In Med., Chief, 
Section of Cardiology, the Mayo Clinic, Associate Professor 
of Medicine, the Mayo Foundation for Medical Education 
and Research, the Graduate School, the University of Min- 
nesota, and THOMAS E. KEYS, A.B., M.A., Reference 
Librarian, the Mayo Clinic, Rochester, Minn., Formerly 
Carnegie Fellow, the Graduate Library School, the Univer- 
sity of Chicago. 840 pages, illustrated. Beautiful binding. 
PRICE, 510.00. 

This new book is a collection of classic contribu- 
tions on the heart and circulation. It begins with 
the brilliant work of William Harvey on the mo- 
tion of the heart and blood, published in 1628. 
Fifty-four medical masterpieces from the pens of 
fifty-two celebrated scientists are faithfully repro- 
duced. These contributions comprise a diverse 
variety of subjects, anatomic and physiologic in- 
vestigations, pathologic and clinical studies, diag- 
nostic and therapeutic innovations. 


The C. V. Mosby Company — Publishers— St. Louis (3), Mo. 
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Yourself Against Malpractice Claims 


MEDICAL MALPRACTICE 

By Louis J. Regan, M.D., LL.B. 

Member State Bar of California 


256 pages. Durable cloth binding, with gold stamping. Price, $5.00 


A T THE present time malpractice presents one of the most senous problems con- 
fronting all who come in contact with the field of medicine. _ Both the doctor and 
the patient will benefit immeasurably from a complete understanding of the nature and 
extent of malpractice cases and from a comprehension of the ways in which unnecessary 
friction may be eliminated from the doctor-patient experience. 

Malpractice problems will always exist to some extent. It is apparent that very 
little relief can be expected from legislative action. Any real improvement, therefore, 
must come through the education of the profession and the public. This book has been 
aimed at presenting the subject briefly, yet with sufficient detail to enable the physician 
to inform himself of his legal obligation to his patient and to learn the ways in which 
he may safeguard himself against malpractice claims. The factor of prevention, which 
is so vitally important and which in respect to malpractice has been so much neglected 
by the medical profession, has received special emphasis. 

Each section consists of a brief discussion of the problem therein treated, plus ex- 
tracts from decisions in malpractice cases which serve (1) to illustrate some or all of 
the points made in the discussion, and (2) to set forth some of the varying or contrary 
decisions in regard to particular points. Obviously, it has been impossible to include 
all the differences to be found in the decisions of the courts of the forty-eight states; 
but the exemplary material is sufficiently varied and comprehensive as to give a clear 
picture of the legal disposition of various types of cases. 
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a book more than 
20)000 physicians have 
used and cherished 
for more than 20 years ♦ ♦ ♦ 

METHODS OF TREATMENT 

New 8th [1943] Edition 

by LOGAN CLENDENING and EDWARD H. HASHINGER 
1050 pages, ijS illustrations. Price, $ 10.00 

• 1924 — “The work is one for keeping close at hand, as one will probably 

need it every day.” Surgical Journal. 

• 1928 — “There is not a day goes by that I do not refer to Clendening’s book 

and with benefit.” Medical Times. 

• 1929 — “This is a textbook of therapeutics that is readable, sounder . . . 

and certain to be useful.” Journal of the A.M.A. 

! 

• 1931 — “This hook still remains the classic in the field of medical treatment 

for the practitioner and student.” Archives of Internal Medicine. 

0 1935 — “A book on treatment the practitioner will never consult in vain. 

Southwestern Medicine. 

• 1937— “Scientific, up to date, readable, helpful— a literary gem.” Virginia 

Medical Monthly. 

• 1941— “Good doctors everywhere will enjoy this work— and will be better 

doctors for it.” Rocky Mountain Aledical Journal. 

Treatment of intractable pain with cobra venom, bee venom; 
-XT/*. 1 1 sciatica due to herniation of nucleus pulposus; indications 

LSeW for surgeiT i n hypertension; Kenny treatment of poho- 

myelitis; pneumococcic and influenzal meningitis; vitamin N 

TlprtU JYPS therap y in prothrombin deficiency; other new vitamin ther- 

r eatures use of newer glycosides of digitalis; newer insulins; 

sulfa drugs— sulfadiazine and sulfaguanidine. 

jfj 

THE C. V. MOSBY COMPANY 

3525 Pino Blvd., St. Louis (3), Mo. 

Gentlemen: Send me Clendening-Hashinger's new 8th edition “Methods op Treat- 

ment.” The price is $10.00. 

□ Attached is my check. □ Charge my account. 
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Original Communications 


GLUCOSE DEFICIENCY AS A FACTOR, IN THE PRODUCTION 
OF SYMPTOMS REFERABLE TO THE CARDIOVASCULAR 

SYSTEM 

T. R, Harrison, M.D., and Robert M. Finks, M.D.* 
Winston-Salem, N. C. 


INTRODUCTION 


Definition . — The purpose of this communication is to emphasize the 
relationship of certain disturbances of cardiovascular function to a 
metabolic disorder characterized by the following features: (1) The 
symptoms practically always occur two or more hours after meals; 
(2) they can usually be reproduced by the injection of insulin; (3) 
they can be relieved by the ingestion of glucose and— in large measure 
—prevented by dietary regulation; and (4) at the time the symptoms 
occur the level of the blood sugar is usually either slightly subnormal 
or within the lower limits of the normal range. 


In designating this syndrome, the term "hyperinsulinism” has been 
avoided because there is evidence that in certain instances other mecha- 
nisms than an overproduction of insulin are involved. Moreover since 
the values for “blood sugar” (which actually-** mcasured-reprcsenf 
the total reducing substances rather than the glucose content) are not 
in aU instances definitely below the normal range, the phrases “glucose 

e ciency and 'relative hypoglycemia” are used rather than the un- 
qualified term hypoglycemia.” 

Since 1924, when Harris 1 described spontaneous hypoglycemia and 
named ,t hypertasulinism, numerous publications dealing “”t h Ids 
subject have appeared. Most of the authors have been intend in 
f.ses of seveie attacks of unconsciousness or convulsions and wl f i 
httlo attention has been paid to the milder s™ ! ' ut 7 7 
impressed by the frequency of mild forms of roithm i 7 ? beeM 

having observed that the symptoms are often refeited to thfcTT ^ ^ 

~ €m ’ ^ W1Sh ’ hl this ^ t0 the significance 77this 

o£ SSrHSI or the Bo "™ an Gray sch ° 01 ° r 

At present Major, M.C., A.U.S. 
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condition in inducing attacks of a number of well-recognized car- 
diovascular syndromes. 

We have observed thirty -one cases in which relative hypoglycemia 
appeared to be responsible for disturbances of cardiovascular function. 
In most of these patients this condition was not the chief disorder, and in 
several of them it was a purely incidental feature. However, glucose 
deficiency was frequently an important precipitating factor in various 
types of cardiovascular attacks, and occasionally it was the sole cause 
of the symptoms. A summary of the most important features of the 
thirty-one patients is presented in Table I. 


Table I 

Cardiovascular Syndromes Observed in Thirty-One Patients With 
Spontaneous Hypoglycemia 



NUMBER OP PATIENTS 

TJl 
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FRIGHT 

WEAKNESS 

PALPITATION 

• 2 EH 
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>< 
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ARRHYTHMIAS 

LOCAL PARESTHESIA 

REMARKS 

NON-ANGINAL 

ANGINAL 

Entire group 

m 


m 

iHII 

11 

13 

m 

m 

m 

Q 

m 


Group simulating 
cardiac neurosis* 

14 

14 

9 

14 

10 

8 

0 

5 

8 

3 

0 

0 

7 of the patients 
had both cardiac 
neurosis and 
hypoglycemia 

Arrhyth- 

mias 

Premature 

beats 

3 

I 

■ 

0 

3 

0 

0 

0 

Kg 

0 

0 


■ 

Hypoglycemia one 
of several pre- 
cipitating factors 

Paroxysmal 

tachycardia 

n 

O 

3 

2 

3 

3 

1 

0 

0 


Paroxysmal 

auricular 

fibrillation 

I 

1 

0 

1 

1 

0 

0 

0 

0 

0 

G 

0 

0 

0 

0 
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Angina pectoris 

G 

3 


2 

0 

> 

0 

9 

0 

0 

0 

0 

Hypoglycemia a 
precipitating fac- 
tor only, in 4 
cases. Apparently 
sole factor in 2 
cases ■ • 

0 

0 

0 

0 

Hypoglycemia ap- 
parently one of 
several precipi- 
tating factors 

Hypersensitive 
carotid sinus 

2 

2 

0 

2 

0 

Hypertensive 

encephalopathy 

2 

1 

0 

i 

0 

0 

2 

0 

0 

0 

2 

Hypoglycemia ap- 
parently the sole 
precipitating fac- 
tor in one case; 
one of several 
factors in the 
other case 


*Four of these patients had typical menopausal syndromes. 


THE DIAGNOSIS OF RELATIVE HYPOGLYCEMIA 

The decision as to whether glucose deficiency is a factor in pioduc 
ing symptoms in a given patient should be arrived at tluough one 01 mote 
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of the following four different lines of. evidence: ( 1 ) hc ^ to ]’ ^ 

the olucose tolerance test, (3) the response to insulin, and (4 the 
effect of dietary treatment .*> Bach of these diagnostic methods will non 

he considered in more detail. 

1 Ti ie History.— This is most important because it first suggests the 
possibility of relative hypoglycemia, and unless taken carefully t ic 
condition will usually be overlooked. Whenever a patient has symptoms 
referable to the. cardiovascular system winch recur frequently, but winch 
have never at any time appeared within one hour after an ordinary meal, 
glucose deficiency should be suspected. Every patient with recurrent 
attacks of any kind should be asked the direct question whether the 
attacks bear any relation to meals. Frequently, the patient, thinking 
the physician is trying to find out whether the seizures are induced by 
meals, will answer in the negative. One should then proceed further to 
ask the patient if he can specifically recall any attack which has occuiicd 
shortly after a meal. If the patient is certain that an attack has oc- 
curred within one hour after the end of a meal, relative hypoglycemia 
can probably be excluded, at least as the sole factor, but it cannot be 
excluded as one of several precipitating factors. If the patient has had 
numerous seizures and none of these have occurred within two hours 
after meals it is probable that sugar deficiency may be playing a role.f 
Some patients have themselves noted that eating tended to relieve their 
symptoms. However, other patients, because they were afraid to cat 
during a self-diagnosed “heart attack,” do not know whether food 
affects the symptoms. 

2. Blood Sugar Curves. — This is a helpful diagnostic procedure but 
has certain limitations. It should be remembered that one person may 
have a blood sugar of 40 mg. per 100 e.c. without symptoms, and another 
person may have definite symptoms of glucose deficiency with a blood 
sugar of 65 to 70 mg. When one recalls that patients with diabetes may 
have symptoms from insulin overdosage with a blood sugar at or above 
the normal value, one realizes that the glucose level is not an absolute di- 
agnostic criterion. Of the thirty-one cases with which this paper deals, 
and in which the diagnosis of relative hypoglycemia has been made, a 
glucose tolerance test was carried out in twenty -eight. The patients were 
given glucose orally — approximately 1 Gm. per kilogram of body 
weight— and specimens of venous blood were taken at intervals there- 
after. Blood sugar was measured according to the Folin-Wu technique. - 
The results may be analyzed as follows : 

*A fifth method of study— measurement of tire blood sugar level when the nvtnn 
oms are present-can rarely be carried out because the physician does not usualPv 
have the opportunity to see the patient at this time. usuallj 

tWe do not mean to imply that all symptoms which appear more than twn 
after meals are of hypoglycemic origin. Such is certainly not the case 
for example, no reason to assume that the hunger pain of duodenal llll',. . 01 , e . is ; 

to a low blood sugar. Furthermore, we have observed a few instnl™ ulcei is related 
toms related to the cardiovascular system appeared quite regularly ufrel' ?? s , ymP ' 
after meals, and were relieved by eating, but in which carlful ltlui ill i 1 Aye hours 
that the seizures were not related to the carbohydrate metebllilm s T l 2°l ved cl , ea , ry 
that, in certain patients with cardiovascular disease Imnrl i It .- is l ,rob:lb le 
stomach may induce symptoms, through reflex effects on the heart ol iiteod vessels. 1 ' 10 
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The fasting values for the blood sugar varied between 67 and 121 
mg. per 100 e.c. ; they were less than 80 in only three instances and more 
than 100 in only one case. Obviously, measurement of the fasting sugar 

level is of little or no value in detecting cases in which this disorder is 
mild. 

Wide variations were encountered among the different patients with 
regard to the highest and lowest values at the various times after the 
administration of glucose. The lowest blood sugar values were observed 
at three hours in eighteen instances, at two hours in six eases, and at four 
hours in four patients. Since in all instances the minimum levels were 
obtained two to four hours after the administration of glucose, it is 
evident that insofar as the diagnosis of relative hypoglycemia is con- 
cerned, there is no need to take blood samples at one-half, one, and five 
hours after the sugar has been ingested, although this may be desirable 
for interpreting the results as regards etiology. 

The loivest level of blood sugar during the glucose tolerance test 
varied considerably in different patients. Values of less than 50 mg. 
per 100 c.c. were observed twice; other minimum levels were: 50 to 59, 
seven cases; 60 to 69, eleven patients; 70 to 79, seven instances; more 
than 80, once. No correlation was found between the severity of the 
symptoms during the spontaneous seizures and the minimum blood sugar 
value observed in the curves. Thus, one patient became unconscious 
after a severe attack of pain in the chest, and while in this condition 
had a blood sugar value of 35 mg. per 100 c.c. He recovered rapidly 
after the intravenous administration of glucose. However, several days 
later, when the sugar tolerance curve was measured, the lowest value 
found was 79 mg. per 100 c.c. of blood. Observations such as this indicate 
clearly that curves of blood sugar are of limited value in the diagnosis 
of mild relative hypoglycemia. (Such a statement obviously applies 
only to sugar curves as usually measured. It is probable that the use 
of a standard preparatory diet, as recently advocated by Conn, 2 would 
have made our data more significant.) 

The shape of the blood sugar curves was likewise very variable. Four 
patients showed flat curves, with less than the normal rise and a normal 
or slightly exaggerated decline. Twelve subjects exhibited a normal iise, 
followed by an abnormally great diminution. Eight patients displaced 
an unusually large increase in blood sugar, and in five of these the 
subsequent decline was striking, whereas in the other three instances the 
rate of decline was greater than normal- but the actual level reached vas 
not less than that of healthy persons. Four patients had curves which 
seemed to be normal in all respects. Curves of these several tvpes aie 
illustrated in Fig. 1. 

The data obtained by measuring the blood sugar of these patients aie 
by no means convincing. Although most of the patients did at times 
have values somewhat lower than those usually found in healthy persons 
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of the same age and dietary habits, the differences were not striking. 
We have frequently observed patients who were entirely free of symp- 
toms at times when their blood sugar values w ere just as lov ^ as the 
lowest level found in many of these patients. Apparently, different 
persons display marked variations in their sensitivity to hypoglj eemia. 

BLOOD SUGAR CURVES IN 
PATIENTS WITH SPONTANEOUS HYPOGLYCEMIA 



HOURS AFTER GLUCOSE 


AmSss ats. mrwwAsssss a "-r 

diet for several days prior to the studies d been placei1 0,1 a standardized 


We have gained the impression that the rate of decline in blood su«ar 
may be just as important as the minimal level. Furthermore it is well 
known that age and previews dietary habits have a marked iUtenee 
on the glucose tolerance. Because of these several facts we believe that 
e measurement of blood sugar often is less useful than other procedures 
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in determining whether glucose deficiency is a factor in the 
of symptoms in a given patient.® 


production 


3. I he response to insulin was not investigated in the earlier cases 
but later was studied routinely, and was found to be of considerable 
value in diagnosis. Ten units of insulin were injected three to four 
hours after a low-protein meal. If at the end of an hour no symptoms 
appeared, a second injection of 15 units was given. If after an additional 
ninety minutes no complaints developed, the patient was usually given 
his meal and the procedure resumed on the following day, employing 
larger doses. Since discomfort can be induced in almost anyone by 
sufficient dosage of insulin, the important point in the test is not whether 
symptoms occur, but whether the symptoms induced by insulin are the 
same as those which occur spontaneously. At the beginning of this 
study it was our custom to take blood for analysis of sugar content at 
the time symptoms developed. Because of the marked variation in the 
sensitivity of different persons to hypoglycemia, this procedure has 
been found to be of relatively little value; and we now rely almost 
entirely on the patient’s statement as regards his subjective sensations. 
Obviously, care must be exercised in interpreting the subjective re- 
action of* psychoneurotic persons. However, as a rule, the patient’s 
statement about his sensations, and their similarity or dissimilarity to 
the symptoms which brought him to the physician, proved to be accurate. 
If there was any doubt the procedure was repeated, using injections 
of saline or atropine. In this way the factors of malingering and 
suggestion can be controlled. The insulin response test should not be 
used on patients who have severe or dangerous manifestations during 
their seizures. We have used it only rarely on people with angina 
pectoris or hypertensive encephalopathy. 

In interpreting the subjective reactions to the procedure it is im- 
portant to remember that the induced symptoms may differ from those 
which occur spontaneously, because fright is likely to be less marked 
when the s.ymptoms are induced in a hospital or in a physician’s office 
than when they occur spontaneously in a less reassuring environment. 
Furthermore, a patient may have cardiovascular symptoms of more 
than one type and due to more than one cause, whereas the administra- 
tion of insulin induces only those symptoms which are precipitated 
by glucose deficiency. We have, on several occasions, observed women 
who had both menopausal and hypoglycemic symptoms. In such in- 
stances the patient may state that the “spells” were not reproduced 
by the injection because she is looking for an attack of hot flashes, 
when actually the insulin did reproduce the weakness and palpitation 
which were among the presenting complaints. 

Subject to the cpialifications mentioned, the study of the response to 
insulin has proved to be of considerable value in the diagnosis of 


♦It is probable that our blood sugar curves 
we had adopted a standard preparatory diet, as 


would have been more significant 
advocated by Conn." 


if 
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glucose deficiency as a factor in causing symptoms. This test has been 
carried out with negative results on numerous patients who subsequen > 
proved to have no evidence— as ascertained by oilier procedures 
glucose deficiency. The response to insulin was studied in eighteen o 
the thirty-one cases included in this report. The test was inconclusive 
in three cases, but in the remaining fifteen a positive response occurred, 
i. e., some or all of the symptoms which brought the patient 1o the 
physician were reproduced by the administration of insulin. As a nile 
the patients were quite positive in their statements as to whether the 
induced symptoms were identical with their spontaneous symptoms, and 
in most instances further studies showed that their impressions were 


accurate. 

As the result of our experience to date, we are inclined to regard 
the response to insulin, when properly controlled, as a valuable addition 
to the glucose tolerance test in the detection of relative hypoglycemia. 
Both methods, the one subjective and the other objective, have value 
and limitations. 


4. The Response to Treatment . — In every case in the series a low- 
carbohydrate, high-protein diet was prescribed. Since most of the sub- 
jects lived in other cities, adequate “follow-up” data are available on 
onlj r fifteen of the thirty-one patients, and marked improvement has 
apparently occurred in thirteen of these.® In two instances no benefit 
was observed from the dietary regime. We suspect that the diagnosis 
of relative hyperinsulinism was incorrect in these two cases, but, since 
the suspicion is unproved, they are included in the series. We therefore 
now regard the response to treatment as one of the most useful means of 
diagnosis. The reasons why the high-protein diet is employed, and 
further considerations with regard to the therapy of relative hypo- 
glycemia will be considered later in this communication. 


GENERAL CLINICAL PICTURE OF PATIENTS WITH RELATIVE HYPOGLYCEMIA ' 

Most of the studies which have dealt with spontaneous hypoglycemia 
have been concerned with the severe manifestations. Such patients have 
usually displayed evidence of gross disturbance of the function of the 
pancreas (benign or malignant neoplasm, or diffuse hyperplasia), liver, 
pituitary, adrenals, or kidneys (renal glycosuria). However, the pa- 
tients dealt with in the present report, which includes much milder 
instances of glucose deficiency, were quite free of evidence of any gross 
dysfunction of these organs. Most of them gave a story of utilizing a 

diet rich m starches, but in some instances no such history could°be 
obtained. 


a »•*», *»»«. 

m cases of angina pectoris the attacks which come nn n P ( f ant . ones ' Tims. 

sew* ”**■ *• “« 
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Of the thirty-one patients, twenty were men. The oldest subject was 

f yea 4 r f 0f a §' e > the youngest, 26 years. Most of the patients were be- 
tween tiie ages of 35 and 55 years. 

The complaints during the attacks were quite variable; the most 
common were nervousness (twenty-five patients), weakness (twenty- 
three instances), palpitation (seventeen cases), and pain in the chest 
(fifteen cases). In nine cases the pain complained of did not resemble 
angina pectoris ; it consisted of vague precordial discomfort or aching 
.(six cases), a stabbing sensation (two patients), or a feeling of pres & - 
sure relieved by belching (one instance). However, there were six 
patients discussed in more detail later — who had . pain which closely 
resembled that of angina pectoris. Thirteen of the patients confessed 
to a considerable degree of fright and anxiety during their attacks, 
and it is probable that some of the other patients experienced this 
symptom but were reluctant to admit it. Nine persons mentioned diz- 
ziness as a prominent feature of the attacks. Eight subjects complained 
of dyspnea, which usually consisted of repeated sighing and inability to 
“get a deep breath,” rather than the panting and labored breathing 
commonly associated with structural cardiac disease. (Although we 
have seen four patients with cardiac asthma who obtained marked relief 
from taking food during the attacks, in none of them could the seizures 
of dyspnea be induced by insulin.) 

Among the less common symptoms were “choking in the throat,” 
which occurred in three cases and was indistinguishable from the globus 
hystericus, arrhythmias (seven patients), focal paresthesias (two pa- 
tients), headache (three patients), “sinking feeling” (three patients), 
and blurring of vision (two patients). The role of glucose deficiency 
in precipitating certain arrhythmias, in inducing attacks of hyperten- 
sive encephalopathy, and in relation to carotid sinus syncope will be 


discussed later. 

When observed during the attacks the patients usually appear anxious, 
the heart beat is forceful, and the heart sounds are loud; the pulse 
volume is full in most instances, but diminished in others. The pulsa- 
tions of the aorta are usually pronounced in the suprasternal notch, 
and the peripheral pulsations are prominent. Tachycardia is the rule, 
but occasionally bradycardia occurs. The blood pressure may vary 
in either direction, but an increase in pulse pressure is the most com- 
mon change. The skin is sometimes flushed and sometimes pale. Fre- 
quently, the physician does not have the opportunity to observe the 
patient during the attacks, and, when the examination is made during 
a period of freedom from complaints, objective abnormalities are usu- 
ally not found. 

The most important associated disorders in this series of patients 
have been as follows: hypertension (nine cases), cardiac neurosis (seven 
instances), hypothyroidism (six instances), arteriosclerotic. heart disease 
(four patients), menopausal syndrome (four cases), paroxysmal tachy- 
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cardia (three cases), hypertensive encephalopathy, rheumatic heait 
disease, and hypersensitive carotid sinus (two cases each), and parox- 
ysmal auricular fibrillation (one case). 

RELATIVE HYPOGLYCEMIA IN RELATION TO CARDIAC NEUROSIS 

The reader will, no doubt, already have noted the similarity of this 
clinical picture to that displayed by certain patients with cardiac 
neurosis. The two conditions may present practically identical features, 
both subjective and objective. Fourteen of our thirty-one patients 
were considered- at first to be suffering from cardiac neurosis because 
they presented a multiplicity of complaints associated with a paucity of 
objective abnormalities. After more careful study we were convinced 
that seven of these patients were not neurotic at all, for all of theii 
troubles could be accounted for by glucose deficiency. However, the 
conditions were more complex in the other seven patients of this group. 
Even after the abnormality in glucose metabolism had been recognized, 
these patients displayed other features which still warranted the diag- 
nosis of cardiac neurosis. In most of them it was thought that the 
neurosis had resulted from the mental stress brought about by fear 
of heart disease because of symptoms which were originally induced 
by the relative hypoglycemia, but which the patient ascribed to “heart 
trouble.” Even in such cases the correction of the glucose deficiency 
by proper dietary measures resulted in marked relief of the neurotic 
symptoms, because one of the chief causes of fear had been removed. 

One patient, who was diagnosed as having both relative hypoglycemia and cardiac 
neurosis, merits especial comment because of certain unusual features. This 49- 
year-old business man complained of palpitation, weakness, choking in the throat, 
and fullness in the head. These symptoms appeared only when he became engaged 
in a business argument. He thought that he had cardiac disease, but had con- 
sulted several physicians, all of whom had told him that his heart was normal 
and that his trouble was due to “nerves.” On careful questioning it. was found 
that his important business conferences were commonly held about two or three 
hours after his breakfast, which consisted almost entirely of carbohydrates. The 
heart was objectively normal to all of the ordinary methods of examination. The 
glucose tolerance test (Fig. 1, patient G. C.) displayed a high peak (190 mg. 
per 100 c.c. at one hour, followed by a sharp decline to 58 mg. at three hours. 
The injection of insulin 15 units — produced a typical attack. His seizures could 
be prevented by having his business conference held one hour after a protein-rich 
breakfast rather than three hours after a higli-carbohydrate meal. Marked im- 
provement has persisted for nearly two years since his dietary habits were changed. 
However, he still has some heart consciousness and is still fearful of heart disease. 
The observation that in this patient the combination of mental stress and hy- 
poglycemia was apparently necessary in order to produce the complaints suggests 
that, the symptoms may have been related to release of adrenalin. However this 
suspicion remains unproved. ’ 

Four of the fourteen patients who experienced symptoms resemblin'* 
those of cardiac neurosis were also suffering from the menopausal 
syndrome. It was difficult to disentangle the symptoms of the latter 
condition from those of relative hyperinsulinism, for both conditions 
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are common causes of palpitation, tachycardia, and other functional 
disturbances of the circulation. In none of these patients did the in 
jection of insulin induce “hot flashes,” and this symptom was not 
lelieved by dietary regulation. In these four patients benefit occurred 
both from estrogenic therapy and from control of diet. Neither 
procedure alone was as helpful as the two together. Our data do not 
justify any conclusions as to the frequency of glucose deficiency as a 
factor in the production of some of the cardiovascular symptoms com- 
nronly observed in women during the menopause. 

The similarity between the clinical manifestations associated with a 
decline in blood sugar and the phenomena of true cardiac neurosis is 
so great that we are no longer willing to make a dogmatic diagnosis 
of cardiac neurosis without excluding spontaneous hypoglycemia. 

RELATIVE HYPOGLYCEMIA AS A FACTOR IN PRECIPITATING CERTAIN 
CARDIOVASCULAR SYNDROMES 

Many cardiovascular disorders are associated with recurrent attacks 
of the particular symptom which is troublesome to the patient, and the 
seizures are usually separated by intervals of comfort. Such attacks 
are of the most varied types, and, among the factors which may pre- 
cipitate them, a decline in blood sugar plays an important role. Some 
of the conditions which can in certain cases be induced by relative 
glucose deficiency are the following: 

1. Disturbances of Cardiac Rhythm . — We have seen three patients 
with paroxysmal auricular tachycardia whose attacks tended to occur 
two of more hours after meals; regulation of their diet was followed 
by a diminution in the frequency of the attacks. We do not mean to 
state that a low blood sugar is a factor in inducing attacks of paroxysmal 
tachycardia in all patients, or in inducing all of the attacks in any 
patient. Such is not the case. Several patients with recurrent attacks 
of paroxysmal tachycardia have been carefully studied for evidence of 
hypoglycemia with entirely negative results. However, there are cextain 
cases of this disorder in which a low blood sugar may be one of seveial 
precipitating factors; the others are abdominal distention, emotional 
upsets, unusual muscular effort, the ingestion of iced drinks, fatigue, 
or, in many instances, are unknown. 

Paroxysmal auricular fibrillation has not in our experience been 
commonly associated with a low blood sugar. However, this association 

seemed to be definite in one instance. 

Of the thirty-one patients included in this study, three complainec 
of “skips” of the heart as a troublesome feature of the attacks. In each 
of these cases ventricular extrasystoles were induced b\ insulin, anc 
their frequency was much reduced after a high-protein diet had ieen 
instituted. Obviously, we do not regal’d glucose deficiency as the usui * 
cause of premature beats, but in an occasional case the decline in ) oo 
sugar seems to be an important exciting factor. 
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2. Angina Pectoris.— The relationship of glucose deficiency to angina 
pectoris is somewhat complex, and will be discussed m more detai 
later Here we shall he satisfied with pointing out that attacks of angina 
pectoris which occur at rest, with no apparent cause, are sometimes 
due to spontaneous hypoglycemia. Such seemed to he the case in sin 

patients in this series. _ . 

3. Hypertensive Encephalopathy. — In two instances the relationship 

between recurrent attacks of hypertensive encephalopathy and relative 
glucose deficiency seems to have been established. We suspect that 
such a relationship existed in two other patients, but their condition 
was so serious that investigation of the response to insulin seemed 
unjustifiable. Since treatment by diet caused the attacks to become less 
frequent but did not result in their complete cessation, it seems clear 
that relative hypoglycemia was only one of several precipitating factors 
in these cases, and, in our experience, it plays no role at all in the 
majority of cases of hypertensive encephalopathy. 

4. Hypersensitivity of the Carotid Sinus. — Two patients were ob- 
served who had spontaneous attacks of syncope; their seizures could 
be readily reproduced by pressure on the carotid sinus, but only pro- 
vided such pressure was applied three to four hours after meals. Ap- 
parently, the sensitivity to stimulation of the carotid sinus may, in 
certain cases, be increased by relative glucose deficiency. 

5. Paroxysmal Dyspnea. — Four patients were observed with left ven- 
tricular failure and paroxysmal attacks of shortness of breath; they 
said that the attacks appeared only on an empty stomach and were 
relieved by eating. One of these patients was not studied carefully, and 
the relationship of his attacks to hypoglycemia remains uncertain. The 
other three patients were thoroughly investigated, and, even though the 
relief of dyspnea by taking a small amount of food was striking, it was 
found that the attacks bore no relation to a low blood sugar. The 
blood sugar during the attacks was normal. The administration of 
insulin induced weakness, sweating, and palpitation, but no dyspnea. 
Furthermore, it was found that when the attacks began, relief would 
come within one minute after the ingestion of food, or even after a 
cup of coffee only. Two of these patients were given trials with high- 
protein diets but obtained no benefit. Apparently in these cases some 
reflex factor, possibly hunger contractions from the stomach, was re- 
sponsible for the relationship of the attacks to lack of food. (It is 
possible that patients of this type are fairly common, and that some 
of the cases in the literature of supposed “hyperinsulinism” represent 
various reflex disturbances. Furthermore, we have seen one patient 
who had symptoms suggestive of hypoglycemia, but who appeared on 
further study to have reflex cardiac acceleration as the result of the 
pain of duodenal ulcer.) 

These four patients with cardiac asthma are, of course, not included 
m the series because their symptoms were not caused by a decline 


in 
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blood sugar. However, there were eight patients with hypoglycemia who 
Jiad the sighing breathing, associated with a feeling of inability to take 
m enough air, which is so commonly seen in neurotic subjects Fur- 
thermore, we have recently observed a patient who had typical hysterical 
hyperpnea which resulted in tetany; her hyperpnea occurred only 
when she became frightened as the result of palpitation and premature 
beats induced by glucose deficiency. 

» 

THE RELATIONSHIP OP RELATIVE HYPERIN SULINISM TO ANGINA PECTORIS 

It is not uncommon for patients who have typical angina of effort, 
not related to the blood sugar level, to have occasional attacks of dis- 
comfort at rest and without obvious cause. That such attacks may he 
induced by an unusually large meal, by emotion, or by temporary 
disturbances of the cardiac rhythm is well known. It is also known that 
hypoglycemia induced by insulin may cause anginal attacks in diabetic 
patients with coronary disease. However, Sippe and Bostock 3 have 
pointed out that spontaneous hypoglycemia may precipitate attacks of 
angina pectoris, and in our experience this is one of the most important 
causes of mild anginal attacks at rest, in the absence of an obvious 
precipitating factor. Whenever a patient has unexplained attacks of 
angina pectoris at rest, relative hypoglycemia should be suspected, and, 
it found, appropriate treatment instituted. 

Spontaneous hypoglycemia and angina pectoris may be related in 
another way, i. e., the lowering of the blood sugar may induce an attack 
of paroxysmal tachycardia or of paroxysmal auricular fibrillation which 
in turn may lead to an attack of angina pectoris. 

In tlie instances which have been mentioned, there already is some cardiac dis- 
turbance which can be precipitated by a low blood sugar. However, in rare instances, 
typical attacks of angina pectoris may occur as the result of hypoglycemia in pa- 
tients who have no other demonstrable cardiac abnormality. This remarkable se- 
quence of events was observed in a 27-year-old white woman who complained of re- 
current attacks of constrictive pain radiating from the substernal and piecordial 
region to the left shoulder, the left arm, and the ring and little fingers of the left 
hand. The attacks were not caused by muscular effort, and she was able to engage 
in athletics without symptoms. Although she had had numerous seizures, she could 
not recall any which had appeared within ninety minutes after a meal. The heait 
was entirety negative to physical examination, and no abnormalities v ere repealed 
by either electrocardiographic or fluoroscopic methods. Her glucose tolerance cune 
was abnormally' “flat” (patient S. W., Fig. 1). The attacks could be induced by 
insulin, and the pain was relieved by either nitroglycerin or orange juice. During 
such an attack, elevation of the S-T segments in the electrocardiogram vas notct . 
The use of a liigh-protein, low-carbohydrate diet, with intermediate feedings, "as 
followed by marked relief. 

The occurrence of anginal attacks without relation to effort in this 
case might be cited as evidence against the idea, first expressed by 
Keefer and Resnik , 4 and now widely accepted, that angina pectoris is 
dependent on myocardial anoxia. However, since insulin causes an 
increase in the cardiac output , 5 and hence in the cardiac work, and, 
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further, since one would expect deficiency of fuel to have the same 
general effect as deficiency of oxygen, the occurrence of angina during 
glucose deficiency in a patient with no structural lesion capable of 
producing anoxia cannot be considered as evidence against this well- 
established concept. 

THE RELATION OF THE SYMPTOMS OF GLUCOSE DEFICIENCY TO THE 
APPARENT BLOOD SUGAR LEVEL 

Although the idea that a direct quantitative relationship exists be- 
tween the severity of the symptoms of glucose deficiency and the level 
of the blood sugar, as ordinarily measured, seems to be widely accepted, 
there is convincing evidence that such is not the case. It should be 
remembered that the usual methods for estimating blood sugar are 
not specific, but measure instead a number of substances which reduce 
copper sulphate. Patients with diabetes may have symptoms of hypo- 
glycemia with apparent values for blood sugar which are well within 
the normal range. Likewise, a patient may be without symptoms when 
the blood sugar is markedly reduced, and, at other times, have severe 
hypoglycemic reactions with similar sugar levels. Such an instance 
has recently been reported by Conn and Conn.® 

In order to obtain further data on this question, we have made a 
number of observations on persons with symptoms of glucose deficiency, 
either spontaneous, or induced by insulin. The following protocols 
are illustrative. 


Subject M. T., a woman, 42 years old, frequently had weakness, dizziness, blurring 
of vision, and palpitation three hours after meals which were relieved by eating. 
The blood sugar one hour after a light carbohydrate meal was 359 mg. per 300 c.c. 
Two hours later, when the typical symptoms appeared, her blood sugar was SO. 
The ingestion of 25 Gm. of glucose produced relief in ten minutes, and raised the 
blood sugar to 100. These observations were repeated on two other occasions, and 
values of 64 and 73 were found during the symptoms. On another date she was 
given 20 units of insulin, and the symptoms were marked when her blood sugar 
reached 56. It subsequently fell to 27, with no increase in symptoms except for the 
appearance of sweating and hunger. Twenty minutes after eating a bar of candy 
the blood sugar was 50, but all symptoms were relieved. 

Subject M. M., a 38-year-old man, had mild attacks of palpitation, sweating, 
and weakness two to four hours after carbohydrate-rich meals which were relieved 
by eating. During such an attack his blood sugar was 62. He was given 20 units 
of insulin and his symptoms became intensified; the blood sugar was 38. 'Within 
a few minutes after the ingestion of 25 Gm. of glucose he was relieved, but the 
blood sugar was 41. ’ 


Subject T. H., a man, aged 41 years, had no manifestations of spontaneous hypo- 
gycemia. Three hours after a meal his blood sugar was 82. Forty-five minutes 
after receiving 20 units of insulin his blood sugar was 26. He had no symptoms 
other than slight dizziness and a feeling of warmth in the abdomen. ' Twenty 

b *r ri ^/ f vision ’ n,arked hun S er - and profuse sweating, and 
the blood sugar was 32. Fifteen minutes after eating two candy bars his blood 
sugar was 47 and the symptoms had disappeared. * " “ 
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These observations indicate that: (1) Certain persons may have 
symptoms of glucose deficiency when the blood sugar is normal. (2) 
Other persons may have extremely low values for blood sugar with 
minimal symptoms. (3) Relief of symptoms may occur with only a 
slight increase in blood sugar. (4) In a given patient there, is very 
little parallelism between the level of blood sugar and the. severity of 
symptoms. (5) Symptoms of glucose deficiency are more, likely to be 
related to the rate of decline than to the absolute level of blood sugar! 
(6) Glucose deficiency, when induced by insulin, is likely to be as- 
sociated with lower levels of blood sugar than when it occurs spon- 
taneously. 

THE MANAGEMENT OF RELATIVE HYPOGLYCEMIA 

Of the several different plans we have tried in various cases, the 
most generally satisfactory has been the low-carbohydrate, high-pro- 
tein diet suggested by Conn, et al. 7 The three regular meals are rela- 
tively small, and are supplemented by intermediate feedings; the total 
caloric intake is sufficient to maintain the weight of thin patients, or can 
be adjusted to cause a slow loss of weight in obese patients. High- 
carbohydrate diets with frequent feedings have not usually caused im- 
provement. Apparently the marked rise in blood sugar produced by 
such feedings leads to excessive insulin production. Diets low in car- 
bohydrate and abundant in fat have been beneficial, but apparently 
less so than the high-protein diet. Newburgh and Conn showed that, 
after a protein meal, the blood sugar curve is relatively stable, and free 
of the postprandial decline which commonly occurs after a carbohydrate 
meal; this is because the protein is converted into amino acids which, 
in turn, are changed into glucose. 

DISCUSSION 

Although relatively little has been written about spontaneous hypo- 
glycemia in relation to the vascular system, a few isolated reports have 
appeared. Most of these have been summarized by Harris, 8 who cites 
tachycardia, bradycardia, palpitation, extrasystoles, sense of suffocation, 
and precordial pain as some of the manifestations which may occm. 
Waters 0 reported a patient with paroxysmal tachycardia whose attacks 
were precipitated by glucose deficiency. Sippe and Bostock 3 emphasized 
the importance of spontaneous hypoglycemia in the production of angina 
pectoris. 

The circulatory manifestations of induced hypoglycemia have been 
studied by a number of authors. The prominent arterial pulsations men- 
tioned by Wiechmann and Koch 10 and Messinger 11 appear to be ie- 
lated to the increase in cardiac output which was demonstrated by 
Lauter and Baumann, 12 and by Ernstene and Altschule.'’ Messingei, 
studying patients with schizophrenia who were treated by insulin shock, 
mentions flushing, pallor, increased pulse pressure, bounding pulse, 
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“pistol-shot” sounds over the arteries, capillary pulsations, and even 
transitory to-and-fro murmurs along the left sternal border. With the 
exception, of the diastolic murmur, these phenomena are those which 
we have icommonly observed in our patients with glucose deficiency. 
The signs, In general, are similar to those seen in patients with thy- 
rotoxicosis or,- 1 for that matter, in normal persons immediately after 
exercise. These typical manifestations of the overactive heart are, as 
has been pointed out elsewhere , 13 the usual signs of an increase in 
cardiac output. During, hypoglycemic states there are at least two 
factors which may cause an increase in cardiac output. One of these 
is the release of epinephrine, and the other is an effect similar to that of 
anoxia, for it seems obvious that fuel deficiency will tend to produce 
in the tissues metabolic disturbances similar to those induced by oxygen 
deficiency. Whether the circulatory manifestations of hypoglycemia arc 
entirely the result of epinephrine release, are dependent on dilatation 
of peripheral blood vessels as the result of fuel deficiency, or are related 
to other and unknown factors is uncertain. Since both anoxia and 
epinephrine cause similar clinical evidences of circulatory overactivity, 
and since both cause an increase in cardiac output, 14 ’ lr ’ it is probable 
that each mechanism may play a role in producing the hemodynamic 
changes accompanying hypoglycemia. 

Throughout this communication we have used the terms “relative 
hypoglycemia” and “glucose deficiency” to designate, respectively, the 
syndrome and the metabolic disorder under discussion. These terms 
are not beyond criticism. The fact that administration of sugar relieves 
certain symptoms does not prove beyond question that lack of sugar is 
the essential factor in their production. It is possible that, in certain 
patients, and especially those who have symptoms with apparently 
normal values for blood sugar, the primary disturbance may be in some 
of the enzymes or hormones which are concerned in the complex proc- 
esses of transfer, storage, release, and combustion of carbohydrate. 
'The balance of these factors may be so disturbed that in certain persons 
a normal carbohydrate metabolism can be maintained only in the presence 
of a high “sugar pressure” in the tissue fluids. Until more is known 
concerning the disorders of the intimate processes of glucose metabo- 
lism it seems justifiable to use the term “relative hypoglycemia,” even 
though it is recognized that the glucose deficiency is a result, and not a 
cause, of the unknown primary disorder. Meanwhile, the realization 
that measurements of blood sugar have only limited value in the detec- 
tion of these common and mild disorders of carbohydrate metabolism 
should lead to the more widespread use of the diagnostic methods which 
have been discussed. The recognition of these disorders is particularly 
important because they commonly produce anxiety, through fear of 
heart disease, out of all proportion to the discomfort, and because thev 
can usually be satisfactorily treated by regulation of the diet 
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SUMMARY 

. Distui 'bed carbohydrate metabolism may precipitate various manifesta- 
tions referable to the cardiovascular system. These manifestations can 
be recognized by their appearance two or more hours after meals, their 
relief by the ingestion of glucose, and their reproducibility by administer- 
ing insulin. When the symptoms are present, the blood sugar level is 
usually within the lower limits of normal, or only slightly subnormal. 
The disturbance of carbohydrate metabolism which is responsible for 
these symptoms has, for want of a better term, been designated as 
“relative hypoglycemia.” 

Relative hypoglycemia is a common factor in the production of 
symptoms referable to the circulatory system, and has been found in 
thirty-one of the last two hundred four of our patients with car- 
diovascular complaints. 

Relative hypoglycemia may produce subjective and objective mani- 
festations identical with those commonly observed in patients with 
cardiac neurosis. The two conditions can be differentiated only after 
the most thorough study,- and they frequently coexist. 

Relative hypoglycemia may be a “trigger” factor in precipitating 
various arrhythmias (including paroxysmal tachycardia), as well as 
attacks of angina pectoris, hypertensive encephalopathy, carotid sinus 
syncope, and circulatory disturbances associated with the menopause. 

Relative hypoglycemia frequently is associated with pain in the 
chest which is nonanginal in character. Occasionally it induces, in 
patients with typical effort angina, attacks of angina pectoris at rest. 
Rarely patients without any evidence of structural cardiac disease may 
have, as the result of glucose deficiency, attacks of severe pain which 
are identical with seizures of angina pectoris in all respects except for 
the absence of a relation to muscular effort. 

The circulatory manifestations -of relative hypoglycemia are the same 
as those observed after the experimental or therapeutic administration 
of insulin. They appear to be related to two mechanisms : release of 
epinephrine, and alterations comparable to 'those which occur in anoxia. 
The increased venous return, so brought about, causes an augmented 
cardiac output and the typical signs of the “overactive heart. 

The diagnosis of the milder instances of relative hypoglycemia has 
been discussed, and it is concluded that the attempt to reproduce the 
symptoms in a given case by insulin administration is, in certain pa- 
tients, a more valuable method than the glucose tolerance test. Both 
methods are less important than the history. 

When relative hypoglycemia is causing symptoms, marked benefit can 
usually be obtained by the use of a diet which is poor in carbohydrates 
and rich in protein, with intermediate feedings. Observation of the 
response to such a diet is therefore at times a helpful diagnostic measure. 
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THE EFFECT ON MAN OF POTASSIUM ADMINISTRATION IN 
RELATION TO DIGITALIS GLYCOSIDES, WITH SPECIAL 
REFERENCE TO BLOOD SERUM POTASSIUM, THE 
ELECTROCARDIOGRAM, AND ECTOPIC BEATS 


John J. Sampson, M.D., Edmond C. Alberton, M.D, and 
Benjamin Rondo, M.D., San Francisco, Calif. 


CAMPS ON and Anderson, 1 in 1930 and 1932, 2 demonstrated that 
approximately 50 per cent of ectopic heart beats in persons with 
othenvise normal hearts or with various types of heart disease could he 
abolished by the oral administration of different potassium salts in 
doses varying from 1 to 15 Gm. In this series there was one patient 
who had auricular fibrillation and bigeminy; the ventricular ectopic 
beats were produced by digitalis intoxication. These ectopic beats dis- 
appeared after the administration of 3 Gm. of potassium chloride. 

It was believed that the changes in the physicochemical state of the 
heart muscle which tend to produce ectopic beats probably have differ- 
ent origins, for the ectopic beats were abolished in only 50 per cent 
of the cases in which potassium was used. ^ 

In view of the work that has been done on the, effect of digitalis on 
blood serum potassium and the potassium content of heart muscle, the 
single ease of digitalis intoxication in this series suggested that there 
may be a correlation between the disturbing effect of digitalis on the 
potassium balance of the heart muscle and its counteraction by potas- 
sium administration. If this effect of .digitalis were a constant cause 
of ectopic beats, potassium administration should uniformly abolish 
them. It was therefore considered important to make a further study 
of digitalis therapy and digitalis intoxication in the light of the possible 
effects of potassium administration on the potassium content of the 
blood serum and on ectopic beats. 

The theory that an alteration of the calcium-potassium ratio in the 
heart muscle in favor of calcium can explain the action of digitalis has 
been advanced by several investigators, notably Cattell and Goodell. 
The experimental observations in support of this theory are (1) that 
an excess of calcium increases the force of myocardial contraction, and 
potassium tends to relax the myocardium; 4 ' 8 (2) that the addition of 
calcium increases the tendency toward ectopic beat formation, 0 whereas 
potassium generally diminishes it; 3 ’ 10 ' 13 and (3) that the T waves of 
the electrocardiogram tend to be elevated by potassium 3, 14 10 and de- 
pressed by- calcium. 21 ' 24 (The T waves may be either elevated or de- 
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pressed by potassium, as shown in cats by Chamberlain, et al., 1, and 

in man by Bamber 19 and Stewart and Smith. 20 ) 

Likewise it has been demonstrated (1) that digitalis is ineffec ive 
unless at least a small amount of calcium is present in the perfusate o 
heart muscle; 25 ’ 26 (2) that serious and occasionally fatal synergism 
occurs when calcium salts are injected into patients under digitalis 
therapy, 27 ’ 28 although Winkler, et al., 10 could not demonstrate syner- 
gistic effects of digitalis and calcium in dogs; (3) that digitalis and 
strophanthin cause loss of potassium from the heart muscle;-'’ 3 °- 32 and 
(4) that strophanthin sensitizes the heart to acetylcholine and to high 
vagal tone, 33 ’ 34 which two factors, in turn, are reported to be associated 
with potassium accumulation in muscle tissue and probably to potassium 
release from muscle cells. 35 

Although these data seem to support the “calcium” theory of digitalis 
action, contradictoiy evidence has been assembled. Wedd, 37 Hagen, 38 
and Boyer and Poindexter 39 demonstrated an increase in the potassium 
content of the myocardium when digitalis glycosides were used in thera- 
peutic doses. These observations were adapted by the latter investiga- 
tors to the conception that the functional integrity of the muscle cell 
, is partially dependent on its potassium content, and" that digitalis par- 
tially prevents the loss of potassium from the myocardium when the 
heart is hypertrophied^tir damaged (Harrison, et al., 40 Calhoun, et al., 41 
Wilkins and Cullen, 42 Mangun, Reiclile, and Myers 43 ’ 44 ). A parallel 
has likewise been drawn between the lessening in the muscular weakness 
in Addison’s disease after the deposition of potassium in muscle as a 
result of adrenal cortical hormone therapy, and this action of digitalis. 
It is of interest that there is a close chemical relation between desoxy- 
cortieosterone and digitoxigenin. The return of muscular power with 
the administration of potassium to patients with familial periodic paraly- 
sis (Stewart, et al. 45 ) and Simmonds’ Disease (Anderson 40 ) also indi- 
cates the importance of proper potassium concentration in the main- 
tenance of normal muscular function. In these diseases the T waves 
become elevated, indicating a cardiac, as well as a somatic, muscular 
effect. Thyrotoxicosis 47 also produces a loss of potassium from the 
muscle cell which is partially prevented by adrenal cortical hormone 
therapy.*' 48 This may explain the increased dosage of digitalis neces- 
sary to affect a thyrotoxic patient with heart failure. The reverse of this 
action may hold true in myxedema. 

In contrast to the disagreement on the effect of digitalis glycosides 
m therapeutic doses is the consensus of investigators that toxic doses 
of these substances uniformly cause a loss of potassium from somatic 
and cardiac muscle. 30 ’ 37 ’ 38 It would be expected that, if improvement 
meases of myocardial efficiency is dependent on retention of potassium 

cSrSvtl 1 " intracenular inter- 
with this work. An excellent summary of this siihipnt^iej 1S <r‘ no ^’ i? e believe, in conflict 
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brought about by moderate doses of digitalis, toxic doses of digitalis, by 
causing potassium loss, would reduce the efficiency of the heart, but 
this is not the common clinical experience in cases in which moderate 
digitalis intoxication is indicated by nausea, visual symptoms, and ec- 
topic heart beats. 40 It must, however, be recognized that digitalis in 
therapeutic doses occasionally abolishes ectopic beats, and produces them 
in toxic doses. One might assume that this is due to the effect on the 
potassium content of the heart muscle, but even this assumption cannot 
be accepted in the light of the action of oral doses of potassium in 
a test case (Case 13). In this ease ectopic beats were present before 
digitalis was administered, and they were not affected by potassium. 
They did, however, disappear when digitalis was given in therapeutic 
doses. When ectopic beats reappeared with digitalis intoxication, they 
were promptly abolished by a 5 Gm., oral dose of potassium. This case 
presents not only significant evidence that there are physicochemical 
differences in the origin of ectopic beats, but also that there is a specific 
relation of these beats to the change of the potassium content, or the 
potassium-calcium ration of the heart muscle, as affected specifically 
by potassium administration and digitalis therapy. 
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Since neither theory entirely fits the facts, no true explanation exists 
for the digitalis action on the calcium-potassium balance oi for unc 
tional integrity of the myocardium. Simultaneous studies of the ca^ 
bium as well as the potassium content of the heart muscle duiing id 
talis therapy may uncover the determining factors. . _ 

The work presented in this paper is concerned largely with toxic oses 
1 of digitalis glycosides, and therefore only secondarily with the t lera 
peutic effect of digitalis on the potassium or calcium-potassium balance 
in the myocardium. Thirty-three patients were studied; tlnrty-one, w io 
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were more than 60 years of age, had arteriosclerosis, and two, aged 
45 and 62 years respectively, had rheumatic heart disease. I he pure 
lanatosides A, B, and C of digilanid were used chiefly in order to be 
sure of consistency and uniformity of action and that the doses admin- 
istered were comparable in milligrams of active substance. Digita is 
leaf tablets were used orally in two instances, Cedilanid in one instance, 
and Digilanid (Sandoz), either initially or for at least two weeks after 
discontinuance of digitalis, in twenty-eight instances. All of this group 
were given large enough doses, as indicated in Table I, to produce 
constant nausea and marked slowing of the ventricular rate when am icu- 
lar fibrillation was present. Thirteen, or slightly over one-third of these 
patients, developed ventricular ectopic beats. Whether this low inci- 
dence of ectopic beats was due to the particular lanatosides used or to 
failure of criteria of intoxication cannot be stated. The latter seems 
improbable because of the other evidences of toxicity. 

In seventeen cases, studies were made of the blood serum potassium 
by the argenti-cobalt-nitrate method, 51 with final readings on the Evelyn 
colorimeter. 52 Table I illustrates eighteen cases in which potassium was 
given. In one of these, blood potassium studies were not done (Case 6). 
In most instances these were made when the patient was fasting, and 
at one-half hour, one and one-half hours, two and one-half hours, and 
four hours after the administration of 5 Gm. of potassium acetate orally 
in a 25 per cent aqueous solution. In three instances, 10 Gm. of potas- 
sium acetate were used. In three cases (Cases 9, 10, and 16) pre- 
liminary studies were made, but inasmuch as no ectopic beats were pro- 
duced by toxic doses of digitalis, no potassium estimations were made 
after digitalis had been given. 

Blood serum potassium estimations have been made by other investi- 
gators after the administration of potassium salts orally to human sub- 
jects 3 ’ 10 ’ 14 ’ ls ’ 53-55 


The curves obtained on our patients resemble those reported pre- 
viously, except that the maximum rise of the potassium level occurred 
later in the previously reported cases. There was some variation in the 
time of the maximum rise of the blood serum potassium which was 
probably the result of differences in absorption. This maximum was 
reached in one-half hour in nine cases, and in one and one-half hours 
m five cases. In general, the potassium content of the blood serum was 
nearly identical one-half and one and one-half hours after potassium 
administration, and it fell practically to the fasting level within two and 
one-half to four hours. In one case (Case 12), the potassium content 
of the specimens at the one and one-half hour period was higher than 
at the one-half hour period, and, after digitalis therapy, the higher 
level was at the one-half hour period in one instance, and the levels 
were identical m one other instance. 

t A?,“ ’r sl lllnst rated by Case 14, there ,vas no essential difference i n 
the blood serum potassram curve before digitalis was given and at the 
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latex dates, when the patient had received digitalis in therapeutic or 
toxic doses. 

Castleden 10 showed that ectopic beats could be abolished by the 
oral nse of potassium after they had been produced by epinephrine and 
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insulin. He associated their 'occurrence with a low potassium content 
of the blood serum. The fasting potassium content of the blood serum 
in our series varied from 16 to 20 mg. per cent, and there was appar- 
ently no correlation between this level and the presence or absence o 
ectopic beats. 
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In Case 12 (Fig. 4), after 10 Gm. of potassium acetate had been 
given, the ectopic beats disappeared in ' one-half hour, at which time 
the serum potassium was at the unusually high level of 27 mg. per cent. 
When it fell, at the end of one and one-half hours, to a level of 21 
mg. per cent, the ectopic heats recurred, hut disappeared again at the 
two and one-half hour and four hour periods, when the blood serum 
potassium content had resumed the fasting level. This was an instance 
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Table 

A Study of Eighteen Cases Illustrating the Effect of Potassium on Ectopic Beats 


CASE 

SEX 

AGE 

ETIOLOGY OF DISEASE 

DATE 

RHYTHM 

DOSE OF DIGITALIS 

1 


64 

Coronary arterioscle- 
rosis 

8/5/41 

Complete heart 
block (A-V) 


9 

J. L. 
Male 

■ 

Coronary arterioscle- 
rosis 

8/15/41 

Aur. fibrillation 

Digld. 1 mg. daily 3+ 
weeks 

3 

M. G. 
Male 

73 

Coronary arterioscle- 
rosis, hypertension 

8/15/41 

Sinus rhythm 

Digld. 1 mg. daily 3+ 
weeks 

4 

T. L. 
Male 

G7 

Coronary arterioscle- 
rosis 

8/6/41 

Aur. fibrillation 


5 

J. 0. 
Male 

■ 

Coronary arterioscle- 
rosis 

8/29/41 

Sinus rhythm 

Digld. i mg. daily 31- 
weeks 

G 

\V. L. 
Male 

B 

Coronary' arterioscle- 
rosis 

S/29/41 

Sinus rhythm 

Digld. 1 mg. daily x 
25 

7 

\V. B. 
Male 

80 

Arteriosclerosis and 
coronary occlusion 

9/9/41 

Aur. fibrillation 

Digld. 1 mg. daily x 
37 

8 

faCT 

72 

Coronary arterioscle- 
rosis 

9/9/41 

Aur. fibrillation 

Digld. 1 mg. daily 3+ 
weeks 

9 

|d|a| 

S3 

Coronary arterioscle- 
rosis, angina pecto- 
ris 

10/3/41 

Sinus rhythm 

None 

10 

J. G. 
Male 

79 

Coronary arterioscle- 
rosis 

12/27/41 

Aur. fibrillation 

None 

11 

H. B. 
Male 

77 

Coronary arterioscle- 
rosis, hypertension 

10/14/41 

11/19/41 

12/13/41 

Aur. fibrillation 
Aur. fibrillation 

Aur. fibrillation 

None 

Digld. i mg. daily 3+ 
weeks 

Digld. 1 mg. daily x 
24 

12 

F. S. 
Male 

45 

Rheumatic 

11/10/41 

1/13/42 

4/5/42 

4/7/42 

Aur. fibrillation 

Aur. fibrillation 

with bigeminus 

Aur. fibrillation 

with bigeminus 

Aur. fibrillation 

with bigeminus 

Dig. -fcol. 0.o 
days and then 

Dig. Fol. 0.1 Go- 
daily x 30 

Dig. Fol. 0.1 Gm. dai- 
ly x 64 

Digld. 2 mg. daily x 
3 and then Digld- 1 
mg. daily x 14 
Digld. 1 mg. daily * 
2 

13 

H. K. 
Male 

76 

Coronary arterioscle- 
rosis ? rheumatic 

10/14/41 

11/19/41 

12/24/41 

4/6/42 

Aur. fibrillation 

Aur. fibrillation 

Aur. fibrillation 

Aur. fibrillation 

None 

Digld. I mg. daily * 

Digld. i mg. daily x 

Digld. i mg. daily x 
35 

Digld. i mg. daily x 

60 ... * 
Digld. 1 mg. daily x 

43 
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0 0 0 0 0 5 Gm. orally 

12 0 0 0 0 5 Gm. orally 
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Table I 


CASE 

SEX 

AGE 

ETIOLOGY OP DISEASE 

DATE 

RHYTHM 

DOSE OP DIGITALS 

14 

A. M. 
Male 

78 

Coronary arterioscle- 
rosis 

11/13/41 

2/5/42 

3/24/42 

Sinus rhythm 

Sinus rhythm 

Sinus rhythm 

Digld. J mg. daily x 
3 

Digld. S mg. daily x 
84 

Digld. 1J mg. daily x 
10 

15 

J.B. 

Male 

77 

Hypertension 

11/23/41 

Sinus rhythm 

... 

Dig. Fol. 0.3 Gm. for 
3 days 

Dig. Fol. 0.1 Gm. 
daily for 4+ weeks 

,16 

A. A. 
Male 

SO 

Coronary arterioscle- 
rosis, hypertension 

12/13/41 


None 

17 

J.R. 

Male 

64 

Coronary arterioscle- 
rosis 

4/23/42 

4/25/42 

5/10/42 

Aur. fibrillation 

Aur. fibrillation 

Aur. fibrillation 

Dig, Fol. 0.3 Gm. for 
3 days 

Dig. Fol. 0.1 Gm. dai- 
ly’ 3+ weeks 

No digitalis 15 days 

18 

J. B. 
Male 

62 

Coronary arterioscle- 
rosis, rheumatic 

5/16/42 

Aur. flutter 

Aur. fibrillation 
Aur. flutter 

8 c.c. Digld. C. intra- 
venously 

4 doses of Digld. C. 
■} mg. each in IS 
hours 


of an apparent transient correlation of the blood serum potassium level 
with the loss of ectopic beats, but further confirmed the theory of later 
fixation of the potassium to the tissue. In all cases the ectopic beats 
had returned' within sixteen hours. In one case (Case 12), giving 
2 Gm. of potassium acetate in a 10 per cent solution intravenously 
caused the disappearance of ectopic beats for only six minutes, al- 
though the rise of potassium in the serum was not great. 

Electrocardiograms were taken in most cases at approximately the 
same time as the blood specimens were obtained. In three instances 
studies were made before digitalis was administered, during the thera- 
peutic period, and after the development of toxicity. In two other 
instances studies were made during the therapeutic period, either be- 
fore or after the observations during a toxic phase. In Case 12 (Fig. 
5), studies were made dui'ing repeated potassium administrations for 
forty-eight hours. 

The electrocardiographic changes caused by the administration of 
potassium experimentally to cats (Chamberlain, et al. 17 ), to dogs 
Winkler, et al. 1G ), to guinea pigs (Spealman 18 ), and to man (Sampson 
and Anderson, 1 - 2 Stewart and Smith, 20 Thompson, 14 ’ 15 Castlcden, 10 and 
Keith, et al., 50 ’ 57 ) include elevation of the T waves, auriculoventricular 
block, intraventricular block, and various arrhythmias. 

The changes observed in this series were relatively minor. Ten pa- 
tients showed slight elevation of the T waves, five showed flattening 
and depression of S-T intervals, and five showed minor changes in the 
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— CONT ’D 


BLOOD SERUM POTASSIUM IN MG. PER 
CENT IN RELATION TO TIME OP 
POTASSIUM DOSE 

NO. OF VENTRICULAR ECTOPIC BEATS PF.R 
MINUTE IN RELATION TO TIME OF 
POTASSIUM DOSE 

POTASSIUM 

ACETATE 

DOSAGE 

FASTING 

he. : 

AFTER 

14 HR. 
AFTER 

24 HR. 4 HR. 

AFTER AFTER 

FASTING 4 HR. 14 H.R. 

AFTER AFTER 

24 IIR. 4 HR. 
AFTER AFTER 

20 

24 

21 


19.5 

20 

0 

0 

0 

0 

0 

5 Gm. orally 

20 

25 

21 


20 

20 

0 

0 

0 

0 

0 

5 Gm. orally 

20 

24 

21 


19 

19 

0 

0 

0 

0 

0 

5 Gm. orally 

19 

24 

20 


19 

19 

0 

0 

0 

0 

0 

5 Gm. orally 

18 

25 

19 


IS 

19 

7 

3.5 


s 


5 Gm. orally 








! 


17 

19 



18 

18 

— 

— 

— 

— 

’ ! 

5 Gm. orally 

IS 

22 



19 

18 

5 

2.5 

1 

0 

5 

5 Gm. orally 

27 

25 

. 




5 

0 

0 

— 

— 

10 Gm. orally 

17 

24 

— 


20 

19 

0 

0 

0 

0 

0 

5 Gm. orally 

18 

26 

24 


23 

19 


0.5 

6 

2 

0 

10 Gm. orally 


voltage or direction of the QRS complexes. These occurred -with about 
equal frequency before and after digitalis administration, and with 
(Fig. 6, Case 13) and without ectopic beat formation (Fig. 7, Case 14). 

Another possible influence of potassium on the cardiac rhythm is 
illustrated by Case 18; the patient was a white man, aged 62 years, 
with rheumatic heart disease, who entered the hospital with auricular 
flutter. The flutter was supplanted by auricular fibrillation only after 
large doses * of digilanid C intravenously and orally. Two and one-half 
hours after the administration of 5 Cm. of potassium acetate by 
mouth, the mechanism reverted to auricular flutter, with a variable 
degree (4:1 to 7 :1) of aurieuloventricular block. Not all of the ectopic 
beats had disappeared at this time. Four hours after the adminis- 
tration of potassium acetate, all of the ectopic beats had disappeared, 
and the flutter was regular, with 7 :1 aurieuloventricular block. Nor- 
mal rhythm was later restored by giving 1 Gin. of quinine dihydro- 
chloride intravenously. 

Stewart and Smith 20 have recently reported certain toxic’ effects of 
the oral use of potassium chloride and potassium iodide in man which 
resemjle those in dogs 10 and cats. 17 ' In some cases, doses of 2 to 8 Gm. 
per day produced aurieuloventricular block, aberrant ventricular im- 
pulses, and auricular standstill. 

Likewise, Arden 58 described paresthesias after 15 Gm. of potassium 
chloride or potassium carbonate had been given. This observation was 
confirmed by Keith, Osterberg, and Burchell, 58 - 57 who used oral doses 









Case No. 12 . Mole.aet 48. Rheumatic Heart Disease 



Effect of repeated potassium administration on EKG in 48 hour period 
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of 12.5 to 17.5 Gm. of potassium chloride, or potassium bicarbonate in 
an intravenous dose of 9.5 Gm. in a 1 per eent solution, administered 
over ninety minutes. They considered 30 mg. per cent of blood serum 
potassium as the level at which certain paresthesias appear. In one case, 
not included in our series because of lack of potassium studies, pares- 
thesias preceded severe shock-like symptoms after a 5 Gm. dose of 
potassium acetate had been given intravenously. There have been pre- 
vious reports of serious shock-like symptoms .after the oral administra- 
tion of potassium salts to patients with kidney disease (Smillie, 59 Wil- 
kins and Kramer, 54 Blum, 60 Magnus-Levy, 61 and others). The absence 
of nitrogen retention and clinical manifestations indicated that none 
of our patients had severe kidney disease. 
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Fig-. 7. 

In the report of Sampson and Anderson 1 ' 2 there were three instances 
of a paradoxical action of potassium which increased the nurnbei o 
extrasystoles; this may be interpreted as a toxic phenomenon. These 
patients did not have digitalis intoxication. 

In the present series of cases no signs of serious intoxication oi paia 
doxieal action occurred with the oral administration of 5 to. 10 m. 
of potassium acetate, or in one instance after the intravenous injection 
of 1 Gm. of potassium acetate in a 10 per cent solution at a rate of 1 
c.c. per minute. In one other instance, as previously mentioned, sev ere 
shock-like symptoms occurred after the injection of 10 c.c. of a 50 per 
cent potassium acetate solution at a rate of 1 c.c. per minute. 
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Although the purpose of this work was not to investigate the therapy 
of digitalis intoxication, it may he assumed that the oral administration 
of potassium salts will abolish ectopic beats, and probably paroxysma 
ventricular tachycardia. Sampson and Anderson 1 - 2 reported the ces- 
sation of paroxysmal ventricular tachycardia after potassium therapy 
in a patient with coronary arteriosclerosis who had not received digitalis, 
which suggests that potassium might be efficacious in the treatment of 
ventricular tachycardia caused by digitalis intoxication. 

Although no amelioration of other toxic symptoms, e.g., nausea, was 
brought about by the use of potassium in this series of cases, the salts 
were administered for too short a time to draw any definite conclusion 
on this point.* 

CONCLUSION 

AA r e have shown that the ectopic beats caused by digitalis can be 
abolished in every instance by the oral administration of potassium 
salts in doses of 5 to 10 Gm.; this is in contrast to the observation of 
Sampson and Anderson that only 50 per cent of ectopic beats from other 
causes were affected by potassium salts. AVe thus present positive evi- 
dence that the disturbance of potassium balance in the heart muscle is 
related to digitalis administration — at least in toxic doses. 

There was no correlation between the presence or absence of ectopic 
beats and the fasting blood serum potassium level. No significant dif- 
ferences occurred in the curves of the potassium rise and fall in the 
blood serum in relation to oral potassium acetate doses at any stage 
before or during digitalis administration — even with toxic doses. 

AVhen ectopic beats were abolished by the administration of potassium, 
they failed to return in many instances until long after the blood serum 
potassium content had fallen to fasting levels. This suggests that potas- 
sium had become fixed to, or had altered the state of, the cardiac muscle, 
for the presence of ectopic beats, temporarily at least, was not influenced 
by the potassium content of the blood serum. 
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EMBOLISM AND SECONDARY THROMBOSIS OF THE 
BIFURCATION OF THE AORTA 

A. Coronary Occlusion With Endomyocardial Infarction 

B. Mitral Stenosis With Atrial Fibrillation 


George R. Herrmann, M.D., J. G. Willis, M.D., 

M . Frank McKinley, M.D., and Lester Ka’rotkin, M.D. 

Galveston, Texas 


I *HE recognition of potential causes, precipitating factors, and 
especially of the secondary complications of progressive thrombotic 
processes, as well as the prompt diagnosis and localization of acute 
arterial obstruction, has come to a position of considerable importance 
now that prevention and treatment of the condition are much more 
promising. Cases of saddle embolus at the bifurcation of the aorta and 
embolism of the common iliacs and femoral arteries should be reported 
in detail, so that the etiologic factors and the clinical and the pathologic 
manifestations may be established clearly. Attention should be focused 
on the possible seriously complicating secondary thrombotic processes. 

Secondary thrombosis is an essential consideration, whether conserva- 
tive management or embolectomy be undertaken. The prompt use of 
antispasmodics (papaverine) intravenously, alone or with an anti- 
coagulant (heparin), followed by passive vascular exercises (pavaex), 
may be immediately effective, and opening up of the major arterial 
pathways may be the result — a most spectacular therapeutic triumph. 
At least, the serious complications can often, in a large measure, be 
prevented. 

Heparinization, to be effective, must be instituted before the secondary 
thrombosis takes place, and, certainly, as soon as possible after an 
embolus has lodged, in order to prevent the local development of 
thrombosis. This is particularly so in patients who are likely to have 
atheromatosis of the aorta. Immediate diagnosis is, therefore, of con- 
siderable importance. The prognosis is worse in cases of coronal y 
thrombosis and hypertension than in patients with mitral stenosis. 

The larger the embolus, the higher up in the vascular tree it lodges, 
and, the more completely it fills the lumen, the greater are the dangers 
of complications. In the presence of an effective heparin, liquaemin, or 
dicumarol action, conservative methods, such as the intravenous injec- 
tion of papavarine (£ to 1 grain), as suggested by Denk, and passive 
vascular exercise, as employed by L. G. Herrmann, may be hopefully 
undertaken. This should yield results during the first six hours aftei 
the occurrence of embolism. Medical treatment should probably be 
instituted first in every case. 
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Early diagnosis and localization are as important in successful surgical 
treatment as they are in conservative management. Emboleetomy ns 
most successful only within the first six hours, and, at the latest, twenty- 
four hours after the accident. 

SUMMARY OF REPORTED RESULTS OP TREATMENT 

Medical treatment, conservative and expectant, with morphine, 
whiskey, and pavaex therapy has been reported as successful. L. G, 
Herrmann 1 has had three successes with conservative management 
among several unpublished cases of saddle embolism. Morris- also 
reported success in a case of embolism of the bifurcation of the aorta 
in which pavaex therapy was started forty-eight hours after the onset. 
This may have been a spontaneous recovery. 

Fry 3 reviewed 135 reported cases of embolism of the bifurcation of 
the aorta. In this series there were twenty survivals, of which ten 
were attributed to the development of collateral circulation. Nine re- 
coveries were believed to have been the direct result of emboleetomy, 
and one was attributed to the passage peripherally of the embolus. 

Surgical removal of an embolus and subsequent complete restoration 
of the circulation has been successfully accomplished. In Sweden, up to 
1936, 382 emboleetomies had been performed, with 86 (22.5 per cent) 
recoveries; 69 patients (18.1 per cent) required subsequent amputation, 
and 227 (59.4 per cent) died in the hospital. Of the 17 patients with 
aortic embolism, 3 (17.7 per cent) were rescued, and of 66 with iliac 
embolism, 10 (15.1 per cent) were saved by operation. In England, up 
to 1937, there had been only 20 emboleetomies, with only 11 (55 per 
cent) recoveries. These series were done before any anticoagulant was 
generally available. Since the introduction of heparin for clinical use, 
slightly over half of the first 100 patients operated upon have recovered. 

Although the bifurcation of the aorta is less accessible than large 
peripheral arteries, it has been completely cleared of clots from below. 
In a young patient with mitral stenosis, McMaster 4 succeeded in remov- 
ing emboli from both iliac bifurcations and re-establishing the circula- 
tion without the use of anticoagulants. McFarland 5 has successfully 
removed saddle emboli directly, and Ravdin and Wood® cleared the 
bifurcation of the aorta of clots indirectly, through the femorals, with 
the help of heparin. 

Murray 7 reported sixteen surgical successes, with nine complete suc- 
cesses, in a series of seventeen embolisms in accessible major arteries. In 
Murray’s series of thirty-seven cases of embolism, more than half of 
the emboli were lodged in the common femorals, and four were arrested 
at the bifurcation of the aorta. 

PREDISPOSING FACTORS AND COMMON SOURCES OF LARGE PERIPHERAL 

ARTERIAL EMBOLI 

Arterial embolism is a possible complication in any case of organic 
disease of the heart or aorta. It has long been recognized that especially 
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patients with the atrial stasis of mitral stenosis and atrial fibrillation 
and those with verrucous valvulitis, are candidates for embolism Mural 
thrombi that developed in the greatly dilated left auricle and ventricle 
during chronic failure are occasionally loosened and carried into the 
aorta as emboli. Mural thrombi that accumulate on the endocardium 
beneath recent myocardial infarcts are more common sources of emboli. 
The statistics of the incidence of arterial embolism from these various 
sources are as yet incomplete. All eases should be reported in order to 
accumulate data on the frequency of the condition. 

Garvin 8 found mural thrombi in the heart in one-third of all cases in 
which death was caused by congestive heart failure, and in two-thirds 
of the hearts with myocardial infarction, in a study of 771 consecu- 
tive autopsies on patients who died of heart disease. 

Solandt, Massil, and Best, 0 on the premise that 10 per cent of the 
deaths of patients with coronary thrombosis were caused by embolism as 
a result of mural thrombus formation, undertook experiments on dogs. 
They studied mural thrombus formation that resulted from ligation of 
the anterior descending branch of the left coronary artery and sub- 
sequent injection of sodium ricinoleate into the left ventricular cavity. 
They found that in such experiments mural thrombus formation could 
be regularly prevented entirely by the use of heparin. 

Embolism from the left side of the heart to the aortic bifurcation, 
along with secondary local thrombosis, was recognized by Allibert, in 
1828, and by Alexander, in 1905, and elaborated upon by Welch, in 
1909. Welch’s 10 series consisted of 59 cases; in 35, the heart was the 
source, and, in 20 of these, rheumatic mitral stenosis was present; 
whereas, in 3, acute mitral endocarditis was the primary etiologic 
factor. Hesse, 11 in a review of the literature on 72 cases up to 1921, 
considered embolism and thrombosis of the bifurcation of the aorta 
together. Rotlistein, 12 in 1935, reviewed the literature on 125 cases of 
saddle embolism of the aorta. He added 5 cases of his own in children 
following acute infections, one from iodoform poisoning, and one fiom 
tumor pressure. 

Mural thrombi of the aorta have been considered generally as rare 
sources of embolism at the aortic bifurcation, but in several of Welch s, 
Hesse’s 11 and Rothstein’s 12 cases the emboli came from the aorta or an 
aneurysm, or were caused by a mycotic aneurysm, tumor pressuie, oi 
atheromatosis. Thrombi in the thoracic aorta are more common souices 
of embolism of the superior mesenteric or the renal arteries, as well as 
of the arteries of the lower extremities. Thrombi on the endocardium 
of the right ventricle, as "well as from the great veins, may give iise to 
embolism of the pulmonary arteries, and cause acute cor pulmonale. 

THE CLINICAL PICTURE 

Premonitory symptoms may occur as a large embolus migrates down 
the aorta, and may well be watched for in patients who are pie js- 
posed to such complications. Abdominal cramps at higher, then lover, 
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levels, with nausea, vomiting, meteorism, and constipation, may indi- 
cate temporary closure of the mesenteric and renal orifices. . After 
localization, the clinical picture is quite characteristic, especially 1 
there is sudden and complete occlusion in a major arterial pathway. 
The sudden onset of pain , localized to the region of the obstruction, is 
the first symptom. The pain is not always excruciating, but is fre- 
quently severe, and produces what seems to be temporary paraplegia; 
occasionally it is moderate in character. In cases of only paitial ob- 
struction of large vessels, such as the iliacs or the aorta at the bifurca- 
tion, the immediate local pain may be mild, and, in stolid persons, maj 
go unrecognized. It is practically impossible to differentiate between 
embolism and thrombosis at the aortic bifurcation. If the obstruc- 
tion is fairly complete, paresthesias, tingling, formication, numbness, 
and coldness are usually felt in the extremities, beginning at the distal 
ends and migrating upward as far as the level of the iliac crests. Later 
on, with the numbness and coldness, there is pain. Contraction of the 
leg muscles is often accompanied by pain which is relieved by rest, as 
in intermittent claudication. 

The color changes occur promptly below the site of the embolus. 
Striking pallor appears immediately in the distal parts. There is 
cadaveric whiteness, and the skin takes on a somewhat waxy appear- 
ance. As one proceeds up the extremity from the tips of the digits, a 
zone of dark cyanosis is noted on the pallid background. Above this 
there is a zone of mottled skin, with patchy, pallid, and purplish areas 
which extend to the level of the embolus. 


When the embolus is lodged at the bifurcation of the aorta, color 
changes are present as high as the lower quadrants of the abdomen. 
If the embolus is at the common iliac bifurcation, color changes extend 
into the upper third of the thigh ; if in the common femoral bifurca- 


tion, color changes reach the lower two-thirds of the thigh; if in the 
popliteal bifurcation, the color changes appear between the ankle and 
the knee; if in the posterior tibial artery, color changes are limited to 
the heel and the plantar surface of the foot below the instep. 


A lowered shin temperature is noted on palpation. Usually the skin 
is stone-cold to the touch. Variations of coolness are observed up to 
the level of the occlusion. Absence of pulsation in the dorsalis pedis, 
posterior tibial, popliteal, and femoral arteries of both legs and a zero 
osciUometric index in both legs and thighs result from saddle embolism 
or thrombosis of the bifurcation of the aorta or both common iliacs. 

The skin sensitivity is reduced. The reflexes are decreased or absent 
and voluntary control of the movements of the toes is lost. A saddle 
embolus may produce complete obliteration on one side and only par- 
tial obstruction of the other iliac. A murmur may be heard over a 
partially obstructed artery. Small fragments may break off of the 
mam embolus and lodge at a bifurcation further distally, especially 
when the mam artery is only partially obstructed. 1 y 
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When occlusion of an artery by an embolus is incomplete, the diag- 
nosis may be most difficult, as one might expect. In such eases the dis- 
ease frequently goes unrecognized clinically unless particularly looked 
for. In two of Fry’s 3 cases the diagnosis was not made until months 
after the onset. In a third ease it was found unexpectedly at autopsy. 

OUR CLINICAL MATERIAL 

Data on five cases of saddle embolus at the bifurcation of the aorta, 
with one recovery, and complete autopsy studies in three cases are 
herewith presented. The first two eases were in elderly males with 
hypertensive arteriolar disease, atheromatosis, coronary thrombosis, 
endomyocardial infarction, and mural thrombi. These gave rise to 
emboli which lodged at the bifurcation of the atheromatous aortas, fol- 
lowed by secondary thrombosis. The intra-aortic thrombosis extended 
backward practically to the levels of the renal arteries, and distally 
into the iliacs. 

The third case was that of an elderly woman with rheumatic mitral 
stenosis and insufficiency, atrial fibrillation, vegetative endocarditis, 
hypertensive arteriolar disease, and mural thrombi in all of the heart 
chambers. An embolus, probably originally from the left atrium, sad- 
dled the bifurcation of her aorta. Marked arteriosclerosis of the aorta 
near the bifurcation apparently was responsible for prompt, massive, 
secondary thrombosis. 

The last two cases were in younger persons with rheumatic mitral 
stenosis and insufficiency and. atrial fibrillation. They apparently had 
less aortic disease and apparently survived longer after the emboli 
lodged at the aortic bifurcation. Both subsequently had cerebral em- 
bolism ; one died and one survived. Conservative medical treatment 
was used in all instances. Heparinization and surgical intervention 
would probably have been successful in some of the cases. 

CASE REPORTS 

Case 1. Coronary Occlusion, Transient Atrial Fibrillation, Endomyocardial In- 
farction, Mural Thrombosis, Saddle Embolism of the Bifurcation of the Aoi la, 
With Secondary Thrombosis and Gpngrene of the Bight Foot, Encephalomalacia.— 
J. B., No. 36370, a 36-year-old Negro, was admitted to the John Sealy Hospital 
March 31, 1941, complaining of severe substernal pain radiating down the left arm; 
the pain had lasted for two hours.' The patient was in shock, and was sweating, 
prostrated, cold, and clammy; his Wood pressure was 90/50. His heart was appai 
ently not enlarged. The heart sounds were distant. The abdomen was negathe. 
The liver was not enlarged or tender. There was no edema. 

The electrocardiogram confirmed, the clinical diagnosis of coronary thrombosis, 
with posterior myocardial infarction. The cardiac mechanism, which was normal 
on first examination, changed within half an hour after admission to atrial fibril 
lation, with many ventricular ectopic beats. "Within three hours after quinidinc 
therapy was begun (total dose, 131^ grn.ins) , regular sinus rhythm was re-cstah 
lislied. The evidences of shock decreased. The blood pressure rose to 110/90, 
pure oxygen had been given through an aviator’s mask during this time. 
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Small doses of morphine were required occasionally during the first three days 
for relief of chest pain. For several days after admission there was some difficulty 
with gaseous abdominal distention. No signs of congestive heart failure developed 
at this time, and the first two weeks of his course were fairly uneventful. 

On the morning of April 1C, he began complaining of pam of rather sudden 
onset in the abdomen and right 'flank, and of numbness of the toes and coldness 
of the feet. Examination showed marked abdominal distention ; there was deh- 
nite tenderness in the costovertebral angle. Coolness of the skin of the lower 
extremities, especially below the knees, was conspicuous. No pulse could be felt 
in either femoral artery. The sense of touch, pain, temperature, and position was 
not impaired, and there was no paralysis. The diagnosis was left ventricular mural 
thrombosis, from which an embolus arose and lodged at the bifurcation of the 
aorta. 

On April 18, oseillometrie studies showed no pulsation in either thigh or leg. 
There had been increasing pain in the thighs and the coldness below the knees 
became more pronounced. Paravertebral sympathetic block was not effective in 
relieving pain or in restoring warmth to the leg. By the next day the pain had 
become relatively slight, but numbness of the toes and marked coldness of the legs 
below the knees persisted. The body temperature increased from normal to as high 
as 102° F. on April IS. 

During the next four weeks the patient’s course was rather uneventful. There 
was minimal pain in the legs, with no ulceration or gangrene. However, he con- 
tinued to have a low-grade fever, reaching 101° F., rectally, daily for a week; 
thereafter his temperature rose only slightly above 100°. Secondary thrombosis at 
the bifurcation of the aorta was suspected, but there was no clinical proof of ex- 
tension of the process. 

On May 19, postural exercises were instituted. On May 25, he developed a 
temperature of 103° ; on May 26, his oral temperature reached 105°, and there was 
marked swelling of the right leg. On May 27, he suddenly complained for the first 
time of marked dyspnea, and died within a few minutes. 

Summary of Pathologic Charges ( Autopsy No. 5424 ,). — The right-leg was swollen 
and dark purple in color, and the epidermis lay loosely on,- Vthe' underlying tissue. 
Rigor mortis, which was present elsewhere, vwas absent from this leg. There was 
slight clubbing of the finger tips. The ' left pleural cavity was obliterated by 
fibrous adhesions; the right pleural cavity, contained only a few fibrous adhesions. 
The pericardial sac contained 50 c.c. of clear yellow fluid. 

The heart weighed 370 grams. The myocardium was flabby (Fig. 1). On cut 
section the posterior wall and apex of the left ventricle presented a mottled ap- 
pearance, with areas which were yellow, dark red, and gray. Attached to the left 
ventricular endocardium over these infarcted areas there was a large, friable, red 
and gray thrombus. The coronary ostia were patent, but greatly narrowed by 
atherosclerotic and syphilitic changes. The interventricular branch of the left 
coronary artery was occluded by a large, firm, gray thrombus, located 1 cm. from 
the ostium. The circumflex branch was narrow, but patent; its intima bore a few 
atheromatous plaques. The right coronary artery contained a linear, firm, adherent 
yellowish-gray thrombus. The thrombus did not occlude the lumen, but it extended 
into, and occluded, the interventricular branch of the artery. 

The arch of the aorta presented longitudinal wrinkling and scattered stellate 
scars on the intimal surface, i.e., advanced syphilitic changes. There was moderate 
atherosclerosis which was most pronounced in the lower portion of the aorta. The 
lumen of the last 10 cm. of the abdominal aorta was occupied by a dark red and 
gray, friable thrombus which was attached to the intima. This was more ’extensive 
as traced downwards, and completely occluded the aorta only at the bifurcation 
The thrombus extended into both common iliac arteries, and from these into both 
internal and external iliac arteries. Separate from this ££ 
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r le ~iZc.«,\. J. B.. S. Hospital, No. WOTi W Igg. ,„ a 

Right upper: Electrocardiograms ab °Yf d °na evidences of acute posterior 

[V F) : March 31, 1941, showing atrial flbnll I at " i 0 "„ a m e chanism after 20 grains ot 
myocardial infarction ; April 1, 1 9 ^ or ™vith negative Ts and Ts; May 19, 1911, 
auinidine sulfate, elevated S-T 2 and S-Ts. with & , ; n f ar ction. 

persistence of some residua of the posterior myocardia mU ral thrombus and 

Left upper: Aorta and left ventricle opened up to show the murai 
the thinned myocardium. 

Left lower: The infarcted left kidney. above the bifur- 

Right lower : The aorta with the thrombus extending from 10 
cation Into both common iliacs. 
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shaped thrombus attached to the intima of the aorta around the origin of the left 
renal artery. The right common iliac vein also contained a thrombus. The splenic 
artery contained a thrombus near its origin, but was not completely occluded; the 
spleen did not show evidence of infarction. Microscopic sections of . tlie aorta 
showed fragmentation of the elastic tissue of the media, vascularization of the 
media, and perivascular round cell infiltration of the adventitia, all of which are 
characteristic of advanced syphilitic aortitis. Sections of the iliac vessels showed 
that the thrombi were undergoing beginning organization; there was an acute in- 
flammatory reaction about the vessels. 

The right lung weighed 600 grams; the left, 5S0 grams. Both were markedly 
edematous and showed gross and microscopic evidence of chronic passive congestion. 
No emboli were demonstrable in the pulmonary arteries. The liver weighed 1,580 
grams and showed marked chronic passive congestion. The right kidney weighed 
210 grams, the left, 200 grams. Both kidneys appeared to be congested. Their 
cortical surfaces were roughened by many depressed scars, the largest of which 
measured 2 cm. in diameter. On cut section, the areas corresponding to the scars 
showed yellowish mottling. The corticomedullary line was indistinct. Microscopic 
section revealed old and recent areas of infarction. In the noninfarcted areas there 
was advanced arterial and arteriolar nephrosclerosis. The sclerosis of the arteries 
and arterioles was very pronounced. 

The brain weighed 1,350 grams. The frontal poles appeared atrophic. The 
basal vessels were sclerotic. On section, both lateral ventricles were slightly dilated. 
In the right hemisphere, extending from the middle portion of the temporal lobe 
toward the occipital pole, there was a large area of old softening which involved 
the hippocampal, lingual, and lateral occipital gyri. The left hemisphere also 
showed a softened area; it was less extensive than that on the right, and involved, 
mainly, the lateral surface of the occipital lobe. On microscopic examination both 
softened areas showed organization and extensive scavenger cell formation. No 
emboli were demonstrable in the cerebral arteries. 


Case 2. Coronary Occlusion , Endomyocardial Infarction, Mural Thrombosis, Sad- 
dle Embolism of the Bifurcation of the Aorta, With Secondary Thrombosis, Gangrene 
of the Eight Foot, Massive Infarction of the Kidneys, Uremia. — R. F., No. 72578, 
a 47-year-old white man, an oil field worker, was admitted to the John Sealy Hos- 
pital, Sept. 8, 1941. He had considered himself in good health until July 13, 1941. 
At that time he developed severe precordial pain radiating to his left arm. The 
pain lasted about one day, and required several hypodermic injections of morphine 
for relief. This treatment was carried out in a hospital in his home town. One 
week after the onset of the cardiac pain, he developed a cough and High fever, and 
was thought to have pneumonia. There was no hemoptysis. Two weeks after the 
onset of his pain he developed coldness and pain in his left leg. This was followed 
within a day by similar pain and coldness in his right leg. He was told that his 
symptoms were due to “milk leg.” However, there was never any considerable 
swelling of either leg at any time. Coldness and slight pain persisted in both legs 
intermittently thereafter. The symptoms would become quite mild and tolerable 
as long as the patient remained in bed, but any attempts to get up caused an 
increase in pain. 


Two weeks before his attack of cardiac pain, and about three weeks after the 
onset of the pain in his legs, there was a marked increase in the pain in his left 
foot; this subsided somewhat six weeks after the onset of the trouble, one week 
efore admission. Pain, coldness, and blueness became severe in his right lee 

R rig i‘ t 1 f ° 0t COTltinUea ' and > twenty-four hours before admission; 

it was noted that his whole right foot was stony cold and of a deep purple color 

ten ” ,n,raa * the — h ” L " 
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After the second day of his illness the patient had no further chest pain. There 
was no dyspnea at any time, or any history of congestive failure or angina pectoris 
previous to July 13. There was no family history of cardiovascular disease No 
past history suggestive of peripheral vascular disease was elicited. 

Physical examination on admission showed a slightly obese, lethargic (morphine) 
mildly disoriented, acutely ill, middle-aged white man with a temperature of 100° 
F., pulse rate of 90, respiration rate of 22, and blood pressure of 158/96. Examina- 
tion of the head and neck was negative. The fundi were negative. The neck 
veins were not distended. The heart showed no appreciable enlargement to per- 
cussion. The tones were of good quality. No murmurs were heard. There was 
no gallop rhythm. The pulse was regular. Examination of the lungs was negative. 
Abdominal palpation was likewise negative. The liver was not palpable. 

The extremities showed much evidence of disease. The right foot was slightly 
swollen. A fairly sharp line of demarcation was present between the blue and 
white skin just above the ankle. Sensitivity to touch and pain was present down 
to, but not including, the tips of the toes. The left foot was warm; it was some- 
what paler than normal, although there was some faint pinkness of the skin. On 
first examination, no pulse could be felt in the dorsalis pedis, posterior tibial, or 
femoral arteries. Very careful palpation showed what was thought to be a faint 
femoral pulse bilaterally. The oscillometric indices were very low in the thighs 
and absent in either calf. 

The electrocardiograms were of the Q„ T., Q 3 , T, type, indicating residua of 
posterior myocardial infarction. On admission, there was only slight albuminuria. 
The erythrocyte count was 4,820,000, the leucocyte count, 9,450, and the hemo- 
globin, 76 per cent. The differential leucocyte count was normal. The Wasser- 
mann reaction and Eagle flocculation tests were negative. The blood urea nitrogen 
was IS mg. per cent. 

The patient was treated by paravertebral injection of the lumbar sympathetics. 
Ten c.c. of a 1 per cent novocain solution were injected into the second, third, 
and fourth lumbar spaces on the right. There was possibly very slight relief 
of pain after the injection. Pavaex therapy was used for twelve to fifteen hours 
a day on the right leg. 

After several days it became quite obvious that attempts to save the right foot 
were futile, and amputation was done in the midthigh region. On Sept. 19, it 
was noticed that there were a large, bluish-red discoloration and considerable tender 
ness of the skin over the right buttock and sacrum. This lesion finally broke down 
and became a large decubitus ulcer. 

The amputation stump healed satisfactorily without infection. There was some 
coldness of the left foot postoperatively, but this disappeared when the patient s 
state of shock was overcome. Throughout his hospital stay he ran a low gra e 
fever, with some increase from the time his decubitus infection starte un 
a drainage of the ulcer w T as established. He experienced no recurrence o 
pain in his chest. There was no evidence of congestive failure at any time urmg 
his hospital stay. 

On Oct. 2, 1941, two weeks after operation, he rather suddenly developed a 
cramping abdominal pain, associated with nausea and vomiting. The symptoms 
at the time were considered to be suggestive of mesenteric embolism. There was, 
however, no diarrhea or .melena, and migration of a large saddle embolus in e 
lower aorta was suspected. The abdominal pain subsided promptly after tea 
ministration of 1 grain of codeine and 19 grains of aspirin. On Oct. 6 the patien 
developed rather marked pain in his back, first in the left lumbar region, an 
later bilaterally. Then he suddenly became uremic, and the blood urea nitrogen 
rose to 150 mg. and the nonprotein nitrogen to 200 mg. per cent. On Oct. i 
the patient passed approximately 500 c.c. of highly colored, cloudy urine w nc ) 
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2 — Case 2 R F. J. S. Hospital, No. 72578; Post Mortem, No. 5527. 

I lht upper! Electrocardiogram showing residua of posterior myocardial infarc- 
tion; Qj and Qi and slightly negative -1= and sharply negative T». 

Left upper: Aorta and left ventricle opened to show the mural thrombus and 
thinning of the muscle wall. 

Left lower: The massively infarcted right kidney. 

Right lower : The aorta containing the thrombus, extending from the celiac artery 
level into the common iliacs, especially on the right. 
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contained much albumin. This was virtually all the urine passed from Oct. 6 
until his death, in uremia, without convulsions, on Oct. 20. ^ 1 

Summary of Pathologic Changes (Autopsy No. 5527 ).— The right leg had been 
amputated. There was sloughing over the right buttock and sacral region with 
slight pitting edema of the left leg. The pleural cavities contained numerous thin 
fibrous adhesions which were easily broken down. The pericardial sac contained 
300 c.c. of clear straw-colored fluid. The pericardial surfaces were covered with 
a thin layer of partially organized plastic exudate. The peritoneal cavity contained 
1,400 c.c. of clear straw-colored fluid. There was generalized arteriosclerosis. 

The heart weighed 440 grams (Fig. 2). All of the chambers contained mural 
thrombi. The thrombi in the ventricles were firmly attached to the endocardium 
at the site of a healing infarct involving the apices of both ventricles. The coronary 
arteries were somewhat narrowed by numerous atheromatous plaques, but nowhere 
was there an occluding lesion of a coronary artery. The myocardium showed patchy 
fibrosis. 

The lungs showed moderate edema and marked hypostatic congestion. There 
were two small, white, firm, subpleural nodules near the hilum of the left lung; 
microscopically, these proved to be old infarcts in an advanced state of healing. 

The liver weighed 1,390 grams, and presented gross and microscopic features 
of chronic passive congestion and fatty metamorphosis. 

There was a large, partially organized thrombus in the aorta, extending from 
just below’ the celiac artery to the bifurcation of the aorta, and into both common 
iliac arteries to their bifurcations. The thrombus was firmly attached to the 
posterior wall of the aorta and did not occlude the lumen entirely, so that the 
mesenteric arteries presumably had an adequate blood supply. The thrombus 
reached into both renal arteries, apparently occluding them. 

The right kidney weighed 250 grams; the left, 150 grams. The perirenal fat 
on both sides contained patches of fibrous tissue which was firmly adherent to the 
renal capsules. The surface of each kidney presented a mosaic appearance; there 
were sharply demarcated areas of bluish-red, yellow, and bright red discoloration. 
On cut section, very little normal tissue was seen in either kidney. The pelves 
and ureters presented a few petechiae. Microscopic sections of the kidneys showed 
large areas of coagulation necrosis, separated from the adjacent parenchjma by 
wide, irregular zones of granulation tissue. In the necrotic areas there were large 
blood vessels containing partially organized thrombi which were attached to . the 
intima. The adjacent nonnecrotic parenchyma appeared edematous, and contained 
a few scattered hyalinized glomeruli. There were small, scattered, loose coUections 
of lymphocytes. The large and medium-sized arteries showed uniform thickening 
of their walls. 

The brain weighed 1,550 grams. The subarachnoid spaces were obliterated; the 
gyri were widened and the sulci narrowed. Microscopic sections of the brain 
marked edema. Sections of the brain prepared in xanthydrol solution^ showe e 
deposition of an abundant amount of xanthydrol urea. (This test is use re 
quently in cases of suspected uremia to show the high urea content of the tissues.) 

Case 3. Rheumatic Mitral Disease, Hypertensive Arteriosclerotic Heart fhseose. 
Atrial Fibrillation and Thrombosis, and Embolism at the Bifurcation of the ® 
and Secondary Thrombosis. Congestive Heart Failure. — Mrs. K. H., No. 29 o , 
a 57-year-old housewife, was admitted to the surgical service of the John . ea y 
Hospital. She was discharged June 25, 1942. She had had nausea and pain m 
the lower abdominal midline scar region, and had had no bowel movemen or 
three days. At that time she was given Wangensteen suction treatment. 1C 
began to have bowel movements, and had one or two every day thereafter. ow 
ever, nausea persisted. 
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She was readmitted to the hospital July 4, 1942 with the complaint of pam, 
coldness, and numbness in the legs. Five days prior to admission, on June 29, 
she had developed a sudden severe pain in the right calf. Tins came on about 
4 o’clock in the afternoon, when she was walking from the bathroom. This pain 
was continuous in character and persisted until about noon the next day, when she 
had another severe pain, this time in the left calf. The pam m the right ca 
persisted, but was less severe. After that the patient had almost continuous pam 
in the calves of the legs. The feet had felt cold for four days, and for two days 
numbness had been noted, especially on the right. 

She gave a history of having had dyspnea on exertion, such as going up and 
down stairs, for three weeks. She had no nocturnal dyspnea, precordial pain, or 
palpitation. Two weeks before admission nausea had begun, and she also had pain 
which was made worse by bending the body in the upper lumbar region. She had 
noticed swelling of her feet. 

Physical examination on admission revealed a very obese, middle-aged white 
woman who was moderately di’spneie. She was alert and cooperative. She was 
lying flat on her back. Her left eyeball was missing. The right pupil was con- 
stricted, but the patient had had morphine previously. The heart was slightly 
enlarged to the left. The rhythm was grossly irregular. The rate was 90. There 
w r ere no thrills, and no murmurs were heard. The blood pressure was 200/100. 
Examination of the lungs revealed a. few fine moist rales at the right base and 
also at the left base anterolaterally. 


The abdomen was protuberant. A ventral hernia was present in an operative 
scar in the low r er midline. The liver was down 3 or 4 fingerbreadths below the 
right costal margin, and there was tenderness in the right costovertebral angle. 

Examination of the extremities revealed that the skin of the thighs was cool, 
and that the legs and feet were cold. There was slight cyanosis of the feet and 
nail beds. The deep reflexes were decreased. No pulsation could be felt in the 
dorsalis pedis, posterior tibial, popliteal, or femoral arteries bilaterally. Oscil- 
lometric studies revealed no pulsation in the left or right thigh or in the lower 
part of the legs. The venous pressure was 17.5 cm. of saline. The circulation time 
was 15 seconds with magnesium sulfate and 25 seconds with ether. 


Electrocardiograms revealed auricular fibrillation, with a rapid ventricular rate 
and definite evidence of myocardial damage. 

Urinalysis revealed no significant abnormalities. The blood studies showed no 
anemia, but a slight polymorphonuclear leucoeytosis. The nonprotein nitrogen was 
40 mg. per cent, the urea nitrogen, 18.8 mg. per cent, the uric acid, 4.5 mg. per 
cent, and the creatinine, 0.91 mg. per cent. 

The patient’s course in the hospital was uneventful. She was kept at rest in 
bed, and given morphine to control the pain. She was given 3 grains of digitalis 
twice for one day, and then 3 grains daily. 


On July 6 the blood pressure was 180/68. She refused food all day and was 
unable to void. Five hundred twenty-five c.c. of dark urine were obtained by 
catheterization. No pulsation could be felt in any of the arteries of the lower 
extremities, and fecal material obtained by digital examination of the rectum was 
strongly positive for blood. It was felt that this patient also had mesenteric 
embolism and infarction. 

On July 8 the patient appeared much worse, and cried out almost constantly 
The blood pressure was 195/108. The urine output was only 150 c.c. that day! 

m pulse rate was 70. On July 9, the patient was in about the same condition. 
On July 10 she was reported to haye turned over and fallen out of bed at 6 o’clock 
in the morning. She was put back in bed and soon after that she was cyanotic 
dyspneic, clammy, and perspiring freely. She was given % grain of mornhine No 
pulse could be felt, and the blood pressure could not be measured. She was restless 
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complained of pain in the abdomen, legs, and head, and was groaning. She died 
approximately an hour after she fell out of bed. 

Summary of Pathologic Changes ( Autopsy No. 5672 ).— On external examination 
there was little of significance except that the right leg appeared to be of slightly 
greater diameter than the left. Opening of the body cavities revealed many- 
fibrous adhesions in the pelvis and about the gall bladder and splenic regions. 
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Fifj. 3. — Case 3. Mrs. K. H.. J. S. Hospital. No. voltage.^' 

Right upper: Electrocardiograms showing atnal Abri atrium opened. The 

Left upper: Aorta, stenosed, fibrosed mitral valve, and 
iural thrombi were lost in the dissection. 

Heft lower : The infarcted left kidney. ^tpnding from 5 cm. 

Right lower: The atheromatous aorta with the thromb 
bove the bifurcation of the aorta into the common lilacs. 
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The heart weighed GOO grams (Fig. 3). There was an abundance of cpicardial 
fat. The myocardium was dark, reddish-brown, and soft and flabby. The left 
atrium was dilated, its wall and endocardium were thickened, and thrombotic masses 
were present. All chambers of the heart contained numerous small, firm, whitish 
thrombi, attached to the endocardial surfaces. The left ventricular wall was 17 
mm. thick; the right, 6 mm. The mitral valve leaflets were thickened and adherent 
to each other, causing moderate stenosis of the mitral orifice. These leaflets were 
about 0.5 mm. thick along their free edges. At the line of closure on the atrial sur- 
face the endocardium was eroded, and a very scanty amount of thrombus clung 
rather firmly to the small ulcerated area. Microscopic sections through this lesion 
showed that the vegetation consisted of fibrin and platelets, with scattered leuco- 
cytes, but no bacteria. The coronary ostia were slightly narrowed and not distensible. 
There was slight atherosclerosis of the coronary arteries, but no occlusion was seen. 

The aorta showed a marked degree of atherosclerosis. The terminal 4 cm. of 
aorta contained a complete ring of calcareous deposits which extended slightly into 
the common iliacs. A thrombus beginning 2 cm. below the ostia of the renal arteries 
occluded the aorta beyond the bifurcation extending into the common iliacs and for 
a short distance into the external iliac arteries. In the aorta it was adherent pos- 
teriorly, and it was slightly retracted from the wall and free in the iliac vessels. 
The renal arteries, superior and inferior mesenteric arteries, and celiac axis were 
patent. The splenic artery was tortuous, had rigid walls, and contained a soft, dark 
red thrombus throughout its length. 

The right lung weighed 550 grams. Along the posterior border of the upper 
lobe there were several hemorrhagic infarcts, the largest of which measured 4 cm. 
in its greatest dimension. Two smaller infarcts were seen on the- lateral surface 
of the lower lobe. The left lung weighed 350 grams and appeared to be normal. 

At the junction of the esophagus with the cardia, there was a small globular 
tumor mass in the muscle coat, measuring 7 mm. in diameter. Microscopically this 
proved to be a leiomyoma. Otherwise, the alimentary tract was normal. The liver 
weighed 2,100 grams. It showed a slight nutmeg appearance. Microscopically, 
passive congestion was evident, and, in addition, there were scattered, small areas 
of focal necrosis in the liver lobules. The gall bladder contained a spherical cal- 
culus 1 cm. in diameter. The pancreas showed a marked degree of fatty infil- 
tration. 

The spleen weighed 250 grams. At the upper pole it presented a large pale 
infarct. 

The right kidney weighed 250 grams; the left, 170 grams. Both kidneys showed 
a moderate degree of nephrosclerosis of the benign type. Each kidney showed 
a few pale infarcts. The internal genitalia were absent. The brain weighed 1,250 
grams. There were some small deposits of bony tissue in the dura mater along 
the sagittal sinus. There was atrophy of the frontal lobes of the cerebrum. Cross 
sectioning of the brain revealed considerable congestion of the white matter. The 
basal vessels of the brain showed moderate sclerosis. 


Case 4. liheumatic Mitral Stenosis, With Atrial Fibrillation, and Intermittent 
Claudication Due to a Saddle Embolus at the Bifurcation of the Aorta. Cerebral 
Embolism.— Mrs. S. B., No. 68701, a 40-year-old Viennese refugee, had been diag- 
nosed as having rheumatic mitral stenosis and insufficiency, with congestive failure 
m 1938. She presented herself Aug. 20, 1941, complaining of a feeling of heav- 
mess of the left leg, coolness, numbness, and tingling and yellow coloration of the 
feet with purple toes on the dependent left foot. Two days previously while 
walking about the house, she had had a sudden attack of paffi in the calf 'of her 
left leg winch radiated anteriorly. The left foot felt numb and was cold and 
blanched She had some tingling sensation on the medial side of the foot She 
went to bed and massaged the part, and soon the color reappeal, but tlm pat 
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was about 110. The rhythm was absolutely irregular. Electrocardiograms showed 
atrial fibrillation. The blood pressure was 160/100. There was some pulse deficit. 
The abdomen was protuberant. Examination of the lungs showed rales at the 
bases. The liver was 1 to 2 fingerbreadths below the right costal margin, and the 

spleen was palpable. * 

The extremities showed conspicuous abnormalities. The left foot was cooler than 
the right. The left big toe was slightly cyanotic and mottled. The dorsalis pedis, 
popliteal, and femoral pulsations could not be felt on the left, and were barely 
palpable on the right. There was slight tenderness in the calf of the left leg. 
The skin temperatures were reduced markedly on the left, and moderately over 
the right, leg. The oscillometric indices were practically zero in both the thighs 
and lower part of the legs. 



Oct. 15, 1940. 


Jan. 9, 1942. 


Fig- iB . — Case 4. Electrocardiograms, from above downward, leads I, II III and 
°S t v 16 i 194 °- characteristic, broad, notched, diphasic p waves of atrial 
hypertrophy and tendency to right axis deviation; Jan. 9, 1942, atrial fibrillation. 

The patient's course in the hospital was eventful. Paroxysmal attacks of pain 
recurred in the left leg, and then in the right leg. Cramping pains recurred in 
the lower abdomen and flanks, and were followed by general tenderness. The edge 
of the liver and spleen became palpable. She had dyspnea and precordial pain 
occasionally. 1 

Antispasmodics, postural exercises, and pavaex therapy of the left leg were 
kept up, even though she had much pain in the leg after the exercises and after 
the intermittent negative pressure, but the skin of the left leg became warmer 
one was discharged improved on Oct. 18, 1941. 

, Bh f e ™ i readmitted Jan. .'2, 1942 with an attack of abdominal pain, nausea and 
'omiting that was followed by pains in her right lea- with +i,o ’ 

•»* *„<= *£ « «.o “r P 

cold wave passed over the plantar surface of the right foot to the heel KnMike 
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pain radiated through to the sole of the right foot, and excruciating, gnawing, 
constant pain was felt in the right groin. Conspicuous pallor, hyperesthesia with 
coldness, and absence of peripheral pulses were noted in both legs. Oscillomctrie 
studies showed maximum indices of 1 in the right thigh, 1% in the left thigh, 
% in the right leg, and 1 in the left leg. Abdominal cramps, nausea, and vomiting 
recurred* She had attacks of flushing, with burning of the face, neck, arms, and 
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Fig. 5 A. — Case 5. C. L. T. f J. S. Hospitah.No. lho ripht 

,mo htiltriner in the region of the lef r j icunl atic mitral stenosi. • 


Fig. 5 A.— Case 5. C. L. T., ,J. ft. 
some bulging in the region of the i left 
atrium, and congestion in the ltin„ tjpic 


atrium, and congestion in uiu 

hands. The symptoms slowly decreased under consort a g^^^csthesins persisted- 
a heat cradle, postural exercises, and pavaex icr. P. • re spirato ry standstill- She 
On March 20, 1942, she had a syncopal attack conpc5oUii again- 

was partially revived by artificial respiration, but ne grayncss of 

Shortly before death she had Cheync-Stokes respiration and 

shock. No autopsy was done. rta :m d terminal 

A diagnosis of saddle embolus at the bifurcation 
cerebral embolism seemed warranted. 
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Case 5. Rheumatic Mitral Stenosis, With Chronic Atrial Fibrillation, Temporary 
Paraplegia, and a Saddle Embolus at the Bifurcation of the Aorta. Cerebral Em- 
bolism and Recovery.- C. L. T., No. 75G90, an insurance salesman, aged 4S years, 
had had rheumatic heart disease with atrial fibrillation for at least seven or eight 
years. Early in February, 1942, he contracted mumps, and developed orchitis, 
which sapped his strength. He stopped the daily use of digitalis which he had 
carried on for years. On April 2, 1942, he contracted an acute respiratory infec- 
tion. During the night of April 7, he was awakened by agonizing pain which was 
sharp and localized behind the right knee. A few hours later he had a similar 
pain behind the left knee. Both legs became pale and felt very cold. He seemed 
paralyzed. He had fleeting pains in the abdomen and in the precordium. 



April 29. 1942. May 18, 1942. 

Pig. 5 B . — Case 5. Electrocardiograms, from above downward, leads I, II, III, and 
IV F, showing- right axis deviation and atrial fibrillation characteristic of advanced 
rheumatic heart disease. 


Physical examination showed a high-grade, uncontrolled atrial fibrillation and 
the signs of cardiac dilatation and mitral disease. The heart rate was 144 and 
the blood pressure, 128/SO. Marked pallor was noted in both legs, particularly 
when they were elevated. The skin temperatures were lowered above the knee. The 
skin of the right leg was cooler than that of the left, and the coolness extended 
slightly higher. The femoral pulse was not definitely palpable on the right and 
could barely be felt on the left. The popliteal, dorsalis pedis, and posterior tibial 
pulses could not be felt definitely on either side. The legs, particularly the right, 
blanched instantly when elevated and became flushed and slightly cyanosed when 

held dependent. The subsequent return of color when the legs were horizontal 
was slow. 


The patient was treated with hot and cold 
ments, passive vascular exercises, and digitalis 


applications, wdiiskey, passive move- 
. He gradually regained ability to 
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^ ^ h "‘ ^0n^,nm • ,1 ,fl h,lv<! * t,acfe of Idmrp pain, particularly in the 

On April •!, 101 J. lie wns found lying in bed in a scmicomatose state, mumbling 
incoherently; Ins face was drawn up to the ripl.t, and the right arm was limp 
In n few days he regained control of the arm and the facial muscles but he re- 
mained mentally confused. He was given 1,000 c.c. of saline by hypo’dermoclysis. 
Die atrial fibrillation was brought under control with digitalis. His heart rate 
was reduced to 70. His mental condition gradually cleared under conservative 
treatment. The pains in the legs deereased and the shin became slightly warmer. 
He was gradually gotten up in a wheel chair and later allowed to use crutches! 
One month after bis cerebral accident be wns discharged much improved. 

Dirtpnosis, — Rheumatic mitral stenosis, ntrinl fibrillation, saddle embolus at the 
bifurcation of the aorta, and cerebral embolism. 


SUMMARY 01' DATA AND CONCLUSIONS 

The study of our five eases and of the literature emphasized several 
interesting clinical diagnostic points. Patients with coronary occlusion 
and myocardial infarction, and those with rheumatic mitral disease 
and auricular fibrillation or verrucous endocarditis arc candidates for 
saddle embolism. The bifurcation of the aorta, iliacs, or other great 
arteries arc not uncommon sites for the lodgment, of relatively large 
emboli. The secondary aortic thromboses that follow in atheromatous 
aortne are most .serious and fatal complicating processes. 

The occurrence of abdominal cramps should lead one to suspect 
movement of the emboli down the aorta in predisposed patients. Such 
symptoms might well bn considered significant and premonitory. 

Sudden sharp pains in one leg and then in the other, followed by 
paresthesias, coldness, blanching, lowered skin temperatures, and ab- 
sent or greatly decreased femoral pulses should lead one to suspect 
lodgment of an embolus at the bifurcation of the aorta. Oscillometric 
studies are confirmatory of the absence of pulsations. 

The clinical pattern of saddle embolism lias been quite clearly de- 
lineated. When the embolus is small and the obstruction incomplete, 
a much less dramatic and less clcar-cut clinical picture is presented. 
It is surprising how benign the condition sometimes seems to be, even 
after a rather stormy beginning. 

Papaverine lwirochloridc in a dose of 0.032 Gm. ( V& S iain ) ra 
venously should be started as soon after the onset as possible, and re- 
peated as necessary. Morphine is used to control the pain. us^ej 
should be administered freely. Passive movements, postural exercises, 
and pavaex therapy are to be undertaken. Lumbar sympathetic 0C v 
should be produced as soon as possible to relieve pain and cause maxi 

mum peripheral vasodilatation. . . 

In elderly persons the great likelihood of secondary thrombosis m <uj 
arteriosclerotic aorta must be kept in mind, and heparinization s iou 
be promptly instituted by the intravenous drip method. 

Infarction of the kidneys, at times massive from retrograde aor ic 
thrombosis, led to acute uremia in one of our eases. Intermitten 
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mesenteric obstruction apparently occurred also in the same ease. 
Cerebral embolism may be a further complication. 

The length of the time of survival after even complete obstruction 
and the long postponement of the development of, and the degree of, 
gangrene are often surprising. 

Heparinization, followed by dicoumarol, may, someday, become a 
routine emergency procedure in the treatment in all cases of massive, 
coronary thrombosis. 

The patients with rheumatic heart disease seem to have the best prog- 
nosis insofar as saddle embolism is concerned. 

Acute saddle embolism of the aorta following trauma in war is 
likely to occur. In young men this should have a favorable prognosis, 
especially if the condition is promptly recognized and treated with 
papaverine, heparin, and passive exercises. If embolectomy should be 
undertaken, it should lie done by an expert vascular surgeon. 
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ELECTROCARDIOGRAPHIC CHANGES DURING 
PNEUMOENCEPHALOGRAPHY 

Malcolm W. Pick, M.D., and Bernard S. Epstein, M.D. 

Brooklyn, N. Y. 

' | *HE only reports on the electrocardiographic effects of pneumo- 

A encephalography are' those of Abeles and Schneider , 1 who observed 
twenty cases, and Ambrosi , 2 who reported ten additional cases. Abeles 
and Schneider demonstrated changes in the pacemaking mechanism, 
including sinus bradycardia, sinus arrhythmia, nodal rhythm, phasic 
sinus slowing, ventricular extrasystoles, and auricular fibrillation. 
Ambrosi, who noted only a slight alteration in the heart rate, did not 
confirm these observations. 

In view of this contradiction we believed it advisable to reinvestigate 
the problem. Theoretically, it seemed that electrocardiographic changes 
might be expected, inasmuch as the introduction of air into the cranial 
cavity results in central nervous system irritation. We endeavored to 
establish a more uniform technique than that employed by previous 
investigators. Twelve consecutive, unselected patients who were re- 
ferred to the x-ray department for pneumoencephalograms were studied. 

TECHNIQUE 

Unless otherwise stated, the patients were prepared by the omission of lunch. 
One and one-half grains of plienobarbital were given an hour before, and 14s grain 
of atropine sulfate, hypodermically, a half-hour before the encephalograms were 
made. 

The electrodes were attached and left undisturbed throughout the procedure. 
After the patient was seated, about 2 c.c. of novocain were introduced into the 
subcutaneous tissues in the third or fourth lumbar interspace. The needle was 
inserted into the subarachnoid space, and the first tracing of the three classica 
leads was recorded before fluid was withdrawn. 

Ten cubic centimeters ivere removed initially’', and 5 c.c. of sterile, filtered oxj 
gen were slowly introduced. During the rest of the procedure, equal quantities o 
fluid were removed and oxygen injected in 5 c.c. interchanges of fluid and gas. 
By this method sudden increases in the volume of gas in the subarachnoid space 
were avoided. 

Twenty minutes to a half-hour were usually required. In some cases, the pro 
cedure was stopped momentarily to take tracings after small quantities of ox} ge 
had been introduced. In all, a complete tracing was taken towards or at tie en 
of the operation. In several instances, follow-up electrocardiograms were ma 

Our technique differed from that used by previous investigators in the o on 
ing details. We employed pure oxygen instead of air. A controlled fluid gas ra 
was maintained, and no wide differences between the amount of fluid Temoxe & 
gas injected were permitted. The total amount of fluid removed average a 30 
80 c.c., whereas the average quantity Abeles and Schneider removed a'^erag 

From the Jewish Hospital of Brooklyn, Brooklyn, N. Y. 

Received for publication Sept. 21, 1942. 
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about 200 c.c. In addition, careful records of the patients’ reasons, including 
pulse rate, blood pressure, temperature, and subjective symptoms, were made 
fore immediately ^following, and at periodic intervals after the procedure. 

Abeles and Schneider used morphine and scopolamine for premedication.Mor- 
phine alone, or in combination with other drugs, has been shown by Bohm> to pro- 
vide less satisfactory premedication than the phenobarbital and atropine sulfate 

which we employed. 

report OF CASES 


The cases are divided into three groups, according to the degree of alteration 
in the electrocardiogram. Three of the twelve patients showed marked changes, 
five showed moderate changes, and four showed only slight variations. 


THE THREE CASES IN WHICH THERE WERE MARKED CHANGES 
Case 1.— E. S., a 38-year-old man, had had convulsive seizures and hesitancy of 
speech for five months. He began to transpose the position of words in sentences 

before admission. _ . 

The positive physical signs included blurring of the nasal margins of the optic 
discs, absence of the abdominal reflexes, equivocal Babinski and Oppenheim signs 
on the right side, and a questionable Hoffman sign on the left side. After the 
encephalograms were made he was discharged with a diagnosis of idiopathic seizures. 



Fig. 1 A.- — Case 1. Lead II, after 20 c.c. of oxygen had been injected, shows dis- 
sociation of auricle and ventricle. 

completed* Case No irregularity in Lead II after the oxygen injection had been 


Before the introduction of oxygen, the electrocardiogram revealed a rate of 125 
per minute with a slight tendency towards left axis deviation. After the intro- 
duction of 20 c.c. of oxygen the rate slowed to 100, and the pattern of the tracing 
was abruptly changed. The T wave in Cycle 1 (Pig. 1A) is notched and broad- 
ened, probably because a P wave is superimposed. Number 2 is a nodal beat 
because it is not preceded by a P wave. A P wave probably falls at the peak of 
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tlic following 1 wave. In Cycles 3 and 4 there is dissociation between the auricle 
and ventricle because the P-R intervals are 0.0G second and 0.08 second respec 
tivcly; P falls almost directly into the QRS complexes. Since it normally requires 
0.12 second for an impulse to traverse the auricular tissue from the sinoauricular 
to the auriculo ventricular node, we may assume that Cycle 5 shows return to the 
normal mechanism because P-R measures 0.12 second. In Cycle 6 the P-R interval 
of 0.14 second is normal. 


The same sequence of events follows the main ventricular complex in Cycle 6 
namely, a P wave is superimposed on the T wave and there are two nodal beats' 
followed by a return to normal mechanism. This phenomenon has been called 
“dissociation and interference’' because both the sinoauricular node and the 
auriculo ventricular node are operating independently. 4 When the sinus impulse 
arrives at the auriculoventricular node during a refractory period it fails to 
initiate a ventricular complex. 

A tracing taken after the total amount of oxygen had been injected (Fig. IB) 
and a follow-up tracing forty-eight hours later showed a slightly slower rate, but no 
essential variations from the preinjection record. 

Comment . — This electrocardiogram showed a marked transient disturbance at the 
beginning of the injection, at the time of onset of severe headache. There were no 
progressive changes. 


Cask 2. — .T. C., a 22-year-old man, complained of seizures involving principally the 
right hand for t lie preceding five years. There had been no generalized convul- 
sions and no loss of consciousness. The frequency and severity of the attacks 
were lessened by the use of phenobarbital. The patient had sutfered a head injury 
at the age of 11 years. He remained in bed for three weeks at that time. When 
lie was 1G years old he was injured by a truck, which struck his head. There were 
no immediate sequelae. 

The positive signs included a rhythmical intention tremor on the right side, 
and right-sided hyperreflexin and facial weakness. Roentgenograms revealed hy- 
pertrophy of the skull bones on the left side. After the pneumocncephalograms 
were made, he was discharged with a diagnosis of hypoplasia or atrophj of the 
left cerebral hemisphere (traumatic or congenital). 

The electrocardiograms showed many unusual features. The tracing made 
after insertion of the needle, before oxygon was injected, showed normal smus 
rhythm with a rate of 10G per minute. After the injection of 74 c.e. of oxygen 
(Fig. 2), there was a fall in rate to SO, with marked sinus arrhythmia and many 
associated abnormalities. 

In Lead I, after Cycles 1 and 2, marked slowing of the rate occurs. Cycle 
initiated by an abnormally low' P wave and a short P-R interval, indicating ia 
the impulse arose, not in the sinus node, but closer to the auriculov entneu ar 
in the auricular musculature. Since the P-R interval in Cycle 3 is a 011 
second, it is likely' that the QRS complex is of nodal origin. Cycle 4 is m ro 
by an abnormally low, rounded P wave, followed by a normal mam ven 
complex. However, the S-T segment, which is isoelectric elsewhere, is ° 
upward. The T wave which follows is abnormally round and full. wee T 
this T wave there are three flutter waves (rate, 300 per minute) v no i c °a 
until normal mechanism supervenes in Cycle 5. The tracing from y c es g 

may be interpreted as showing auricular flutter, starting in the abnorma 
of Cycle 4. 

In Lead II, marked sinus arrhythmia, with a wandering pacemaker, as m ^ 
f ested by an inverted and diphasic P wave in Cycles 2, 3, and 6, is e\ iden . 
occur during periods of marked slowing and indicate that ectopic auncu ar 
look over the pacemaking mechanism when the sinoauricular node became epr 
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In Lead HI, Cycles 1, 2, 3, and 4 sliow “interference and dissociation” similar 

tn that described in Case 1. . 

In addition to these disturbances in the conducting mechanism there are also 
alterations in the height of the T waves in all leads. Slight alterations in the 
S of the P waves and a definite elevation in the S-T segment appear m 
Lead II. A tracing taken twenty-four hours later showed no essential variation 
from the one taken before tlie oxygen was introduced. 

Comment.— Tliis patient, wlio was well composed before tlie procedure, had severe 
objective and subjective reactions, including nausea, vomiting, sweating, severe head- 
ache and syncope. The electrocardiographic disturbances, wlucli were also very 
marked, indicated severe vagal depression of tlie sinus node, followed by a shifting 
pacemaker, auricular flutter, nodal rhythm, and P- and T-wave changes. 



,• 2-— Case 2. . After 74 c.c. of oxygen had been injected, all three leads show a 

disturbed pacemaking mechanism, with a wandering pacemaker, auricular flutter 
nodal beats, and marked sinus arrhythmia. 1 ’ 


Case 3.— H. K, a 37-year-old woman, complained of' numbness of the left hand 
and progressively severe tremor of tlie left hand and leg for two months. She had 
had “muscle weakness” of the left eye for eight years. The patient had had 
influenza in 1918. 

Tiie positive physical signs were atypical mask facies, failure of the left eye 
to converge, bilateral cogwheel rigidity, and continuous left-sided tremor involving 
the arm and leg. When she walked there were no associated left arm movements. 
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After the pncumocncephalograms were made, the patient was discharged with 
a diagnosis of postencephalitic Parldnson ’s disease. 

The electrocardiographic changes were striking. Before the injection of oxygen 
the patient had a rapid regular heart rate of 130; a marked somatic tremor per- 
mitted us to identify only the main ventricular complexes. After the introduction 
of 20 c.c. of oxygen (Fig. 3A), there were slowing of the rate to 115 and a slight 
reduction in the tremor. After the total quantity of oxygen was injected (Fig. 3B) 
the heart rate fell to about 75, and sinus arrhythmia became evident. In addition, 
the somatic tremor entirely disappeared, and every portion of the record was clear. 
The tremor returned after a few hours, and the heart reached its usual rate of be- 
tween 80 and 90 in twenty-four hours. 



Fin. 3A, — Case 3. After 20 c.c. of oxygen had been injected, marked somatic 
tremor persisted in tills patient with Parkinson’s disease. There is a rapid, regular 
rhythm. 

Fig. SB . — Case 3. After the injection of 110 c.c. of oxygen, the tremor disappear 
and sinus arrhythmia becomes apparent. 


Comment . — The development of marked sinus arrhythmia and a bradycardia which 
persisted for many hours indicated a prolonged vagal effect. The patient had relief 
from her tremor for the only time since the beginning of her illness. One would not 
expect this to result from increased vagal activity because atropine or atropine-like 
drugs are most beneficial in Parkinson’s disease. We know of no satisfactory ex- 
planation for tliis phenomenon. In this instance, too, moderately severe nausea 
and headache occurred at the same time as the electrocardiographic changes. 



a3|i{j}jij 
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Fig. 4A. — Case 4. Lead I, taken with the patient under gen 
shows a rate of 1G0 per minute. , sinus ar- 

Fig. 4JB.— Case 4. After 60 c.c. of oxygen, the The P-R interval in 

rhythmia and a disturbed pacemaking mechanism are obser 
Cycles 1 and 2 is abnormally short. 
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THE FIVE CASES IN WHICH THERE WERE MODERATE CHANGES 

Case 4— T. K., a 9-year-old boy, liad bad momentary seizures involving the right 
band during tlie preceding eighteen months. Two days before admission the 
patient had two severe jacksonian seizures. 

Physical and laboratory examination showed nothing abnormal. 

After encephalograms had been made, the patient was discharged with a diag- 
nosis of idiopathic epilepsy. Pneumoeneephalograms were made under general 
ether anesthesia. The premedication consisted of one grain of phenobarbital the 
night before, 1% grains of nembutal two hours before, and l/ioo grain of atropine 
sulfate three-quarters of an hour before the procedure. 

The electrocardiogram, which was taken after the patient was well anesthetized, 
and with the needle in situ, revealed a sinus tachycardia of ICO; fusion of the P 
and T waves made most measurements inaccurate. There was marked cyclic 
alteration in the height and direction of the main ventricular complexes, prob- 
ably a respiratory effect (Pig. 4A). 

After the injection of C c.c. of oxygen (Fig. 4B), the rate slowed to 110, and 
the individual waves could be measured readily. The QRS complexes were taller 
and did not vary as much in height or direction as in the initial tracing. There 
was moderate sinus arrhythmia. The P-R intervals in Cycles 1 and 2 in Lead I 
shorten from 0.14 second to 0.10 second, indicating a wandering pacemaker. A 
tracing taken seventy-two hours later showed slowing of the heart rate to 80, 
with slight sinus arrhythmia. 

Comment . — Despite general anesthesia and lack of subjective reactions, evidence 
of vagal stimulation was present in the electrocardiogram. 

Case 5. — J. H., a oo-year-old man, entered with a complaint of dizzy spells for 
three years and syncopal attacks which had become more severe during the pre- 
ceding six months. 

Examination revealed sclerotic peripheral vessels and questionable pallor of the 
left optic disc. After pneumoeneephalograms had been made, the patient was dis- 
charged with a diagnosis of cerebral arteriosclerosis. 

A tracing taken two days before the encephalograms were made showed normal 
sinus rhythm and a rate of 75 per minute. There was left axis deviation, and the 
T wave was inverted in Lead III. Because of teclmical difficulties we were unable to 
obtain a satisfactory tracing immediately before the injection of oxygen. The Tecord 
made after the injection of 20 c.c. of oxygen showed several changes. The rhythm 
was normal and the rate was 110 per minute. There was an increase in voltage, 
particularly in Lead II. In Lead III, the change of the T wave from an inverted 
to an upright position is unusual. The P waves and T waves in the other leads were 
higher. In the record taken immediately after the injection of 70 c.c. of oxygen, the 
T waves had returned to the inverted position and the record resembled more closely 
the two control tracings. The increased voltage persisted and the P and T waves 
were elevated, but not as markedly as in the tracing taken after only 20 c.c. 
had been injected. 

Comment . — The most marked electrocardiographic changes occurred early in the 
procedure, as in Case 1. They were accompanied by a transient period of retelling 
and the onset of headache. 6 


Case 6.— A. B., a 14-year-old-boy, had had seizures in the right arm for three 
years. The past history was significant in that the patient was born by breech 
extraction and had had convulsions early in infancy. At the age of 6 years he was 
lut by an automobile and was unconscious for five days. ’ 

On examination he showed mental retardation and' atrophy of the right lower 
extremity. The right leg was shorter and smaller than the left There 
marked right-sided hyperreflexia. Tllere waa 



206 


AMERICAN HEART JOURNAL 


Electrocardiographic studies before the injection of oxygen (Pig. 5A) showed 
sinus tachycardia (125 per minute). A tracing taken after 45 c.c. of oxygen had 
been injected (Pig. 5B), showed slight reduction in rate (to 110), with definite 
elevation of the T waves in all leads, including Lead III, in which the T waves 
wero inverted. In addition, the S-T segments in Leads I and II were somewhat 
depressed. There was also deepening of the S wave in Lead II. In Lead HI the 
P waves were considerably reduced in size. 



PifT. 5 A . — Case C. Before the injection of oxygen. _ wiMwitton of T waves 

Fig. 5B . — Case C. After 45 her* within insignificant decrease in 

and depression of P waves in all leads, togetner w 
rate. 

Comment . — This case demonstrated primarily a change in the P and T > 
no appreciable alteration in the pacemaker. These changes maj iave 
increased vagal activity. 

Case 7— S. M., an 8-year-old boy, entered the hospital because of d “ zin ®“ 
frontal headache for six months. During an attack he deyelope pain an 
the left leg. Four years previously he had been injured in an au omo 
A diagnosis of concussion of the brain had been made at that time. 
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E»oi»ati 0 B stowed a talkative, etoitabl. chili Nystapnas of a wM 
nature was present. There were girdle adiposity and a healed right mastoid scar, 
but no localizing neurologic signs. The patient was discharged with a diagnosis 
of a right cerebral scar and mild mental deficiency. 

Pneumoencephalograms were made under general ether anesthesia. 

The electrocardiogram showed normal sinus rhythm, and a rate of 100 before 
oxygen injection. After the introduction of 80 c.c. of oxygen the rate increased 
to 110, accompanied by an increase in voltage. In all leads the S-T segment 
became longer, and the upstroke of the T wave in Leads I and HI was more 
gradual, with an earlier take-off. The T wave in Lead in,' which was barely 
inverted in the initial tracing, was definitely deepened and inverted in the post- 
operative tracing. 

Comment . — This is another case in which the changes were primarily confined to 
the configuration of the T waves and the S-T segments. 



A. B . . G. 

Fig. 6A. — Case 9. Rapid, regular rhythm before the introduction of oxygen. 
Fig. 61? . — Case 9. After injection of 20 c.c. of oxygen. 

Fig. 6 C . — Case 9. Only slight slowing after injection of 75 c.c. of oxygen. 


Case 8. — P. F., a 43-year-old woman, was admitted because of difficulty in walk- 
ing, weakness of the legs, and frontal headaches for about one year. Shortly before, 
personality changes, surliness, carelessness, and poor memory had become apparent. 

On examination the patient manifested frequent mood changes, poor memory for 
recent events, a positive Babinski on the left, and slightly slurred speech. 

Three days after pneumoencephalograms were made, a right frontal craniotomy 
was performed and a large portion of a glioblastoma multiforme was removed. The 
patient expired four days after operation. 

A tracing before insertion of the needle was identical with that taken after the 
needle had been inserted. After 20 c.c. of oxygen were injected, the rate increased 
from 80 to 100 per minute. Although the patient held herself tensely, a satisfactory 
second lead tracing was obtained; it showed elevation of the P wave from 3 to 5 mm., 
mth a sharp upstroke and peak. After the injection of 75 c.c. of oxygen, an increase 
of the P waves in all leads persisted, and moderate elevation of all the T waves 
appeared. A record taken seventy-two hours later showed little variation from the 
preoperative control tracing. 

Comment. The patient cooperated very well in the early part of the procedure, 
but then became very excited, restless, and somewhat irrational. This explains the 
fact that there was an increase, rather than a decrease in heart rate. It is interest- 
ing that, despite this, there were T-wave changes similar in character to those in 
records in which the heart rate was diminished. 
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Table 


CASE 


No. 1 
male, 38 
E. S. 


Convulsive 

seizures, 

idiopathic 


No. 2 
male, 22 

J. C. 


Hypoplasia, 
left cerebral 
hemisphere 


No. 3 
female 
37 
H.K. 


No. 4 
male, 9 
T. K. 


No. 5_ 
male, 55 
J.H. 


No. 6 
male, 14 
A. B. 


diagnosis 


ekg changes 


Rate slows, nodal beats, 
dissociation and inter- 
ference of SA and AV 
nodes 


Rate slows, nodal beats, 
auricular flutter, sinus 
arrhythmia, wandering 
pacemaker, S-T and T 
wave elevation 


immediate 

REACTIONS 


BLOOD 


DELAYED REACTIONS ' 


BASAL 1\0. 


Headache 


|Backache 1 day, jl40/90 |l30/90 
headache 4 days 


Postenceph- 
alitic 

Parkinsonism 


Rate slows, sinus arrhyth- 
mia, disappearance of 
somatic tremor 


Headache, 

sweating, 

pallor, 

vomiting, 

syncope 


'Chills 1 hour, 
headache 12 hours, 
backache 24 hours 


140/96 138/65 


[jacksonian 
seizures, 
origin unde- 
termined 


Rate slows, sinus arrhyth- 
mia, wandering pace- 
maker, increased volt- 
age 


[Cerebral 

arterio- 

sclerosis 


Rate slows, increased 
voltage, P and T waves 
elevated 


[Birth injury, 
left motor 
cortex 


No. 7 
male, S 
S.M. 


[Cerebral scar, 
right 


Rate slows, T-wave eleva- 
tion, S-T segment de- 
pression, P-wave de- 
pression 


No. 8 
female. 
43 

P. F. 


[Glioblastoma 
multiforme, 
right frontal 


No. 9 
male, 37 
N. G 



No. 12 
male, 38 
E.D. 


area 


Headache due 
to conversion 
hysteria 


I Postconcus- 
sion syn- 
drome 


Idiopathic 

convulsive 

disorder 


Cerebral arte- 
riosclerosis 


Headache, 

nausea, 

vomiting 


'[Nausea 24 hours, |ll2/70 
headache-48 hours 


"100/70 


None: pa- 
tient under 
general anes 
thesia 


Headache, 

nausea, 

retching 


Headache 


Rate accelerates, T-wave 
and S-T segments alter 
ations 


Rate accelerates, P- and 
T-wave elevation 


Rate slows slightly, less 
tendency to left axis 
deviation 


Rate slows slightly, slight 
T-wave elevation 


Headache 48 hours," 
backaclie- 48 hours 


IllO/TO 


Headache 18 hours 


| Chills 1 hour, 
backache- 36 hours, 
headache 48 hours 



110/60 


None: pa- |P ain in eaTS 
tient under I hours 
general anes- 
thesia 


12 


Headache, 

nausea 


Headache, 

nausea, 

retching 


Severe 

headache 


|Rcstless~48 hours, [ll6/70 
headache 72 hours 


Headache 25 nour^T 130/98 
backache 24 hours 

Wd^TIin^^ 138/84 



Rate slows slightly, mini- 
mal T-wave and o- 1 
segment elevation 


Headache, 

nausea, 

retching 


Headache, 

sweating 


ichiflslFmb^ I 1 00/70 

dizziness 24 hours, 
headache 4 days 

'IchmiHl^sT l 140/9 ° 

headache 24 hours 



160/130 


THE CASES » WHICH THERE B0 , t „a, 

Case ,-N. a, a 37-^-oM man, £. W * 

accompanied by faulty memory. Many years ’ 

colitis ” The patient was emotionally upset. hyperactive deep reflexes, 

^Examination reveated an P^ He showed evidence* 

absent abdominal reflexes, and a slightly enlarg P 
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1 

pressure 

PULSE 

temperature 

LUME 

PUNCT 

MM. 

IAR 

'URE 

H,0 

SPINAL 
FLUID 
3.C. RE- 
MOVED 

3XYGEN 
3.C. IN- 
JECTED 

4 HR. 2 

14 HR. I 

JASAL 

P.O. < 

1 HR. 2 

;4 hr. b 

IASAL 

p.o. 4 

1 IIR. 2 

I 

4 HR. 

MME- , 
DIATE . 
PRES- 
SURE 

’INAL ( 
PRES- 
SURE 

150/100 1 

30/100 

so 

to 

90 

80 

120 

80 

98 
to 

99 

98.6 1 

.01.2 

98.6 

185 

115 

uo 

oU 

130/80 1 

40/98"' 

70 

to 

90 

74 



■ 

■ 

98.6 : 

L01 

99 

290 

275 

77 

(4: 


86/72 

80 

to 

90 

68 

72 

88 

98.6 

to 

100 

98.6 

99.8 ] 

100 

130 


115 

110 

112/70 


i 

80 

■ 


97 

to 

99.2 

9S 

99.2 | 

99.2 

■ 

I 

70 j 

1 

60 

130/80 

124/80 

60 

to 

SO 

70 

90 

72 

98 

to 

99.2 



99.8 

140 | 

125 

75 

70 

110/60 

114/64 

80 

to 

90 

72 

80 

80 

98 
to 

99 

99 


98.6 

180 

120 

63 

61 

105/75 


88 

to 

100 

92 

120 

88 

98 

to 

100 

97.8 

101 

9S.6 

i 

§ 

85 

80 



70 

to 

90 

100 

64 

80 

9S 

to 

99.9 

98.6 

100 

98.6 

170 

90 

80 

75 

140/80 

124/88 

75 

to 

120 

118 

100 

118 

99 

to 

99.8 

99.2 

100.4 

99. S 

170 

95 

80 

75 

120/74 

126/76 

SO 

to 

90 

102 

90 

90 

9S 

to 

99.6 

100 

100.2 

99 

180 

130 

45 

40 


■ 

70 

to 

’90 

92 

90 

90 

98 
to 

99 

97.4 

100 

99.2 

120 

68 

80 

75 

150/lli 

0 150/13 

0 70 

to 
90 

120 

120 

90 

98 

to 

100 

99 

100 

99 

110 

60 

76 

75 


of vasomotor instability. After imeumoencephalograms had been made, the pa- 
tient was discharged with a diagnosis of headache caused by conversion hysteria. 

The electrocardiographic changes were minimal. A sinus tachycardia of 165 
in the initial tracing (Fig. 6A) slowed to 150 after the introduction of 20 c.c. of 
oxygen (Fig. 6B), and to 135 after 75 c.c. of oxygen were injected (Fig. 6C). The 
individual waves cannot be well differentiated. In the initial record there was a 
tendency to left axis deviation. This was diminished in the final tracing. 
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Comment. This patient was extremely anxious prior to the procedure Svmm 
thetic hyperactivity was reflected in the record, which showed only slight slowing ana 
minimal modification during encephalography. He suffered from nausea retching 
and headache, but there was little correlation between these symptoms and the mini' 
mal electrocardiographic changes. 


Case 10.— J. C., a 30-year-old man, was admitted to the hospital because of dizzi- 
ness and headache for one year following a fall. Examination revealed a markedly 
apprehensive man with a scar over the right temple and tenderness over the 
lumbaT spine. 

After encephalograms had been made he was discharged with a diagnosis of 
postconcussion syndrome. 

The electrocardiographic changes were minimal. A tracing, taken after the 
injection of 10 c.c. of oxygen, revealed no alteration in the tachycardia (140) 
which was present before the injection. The final tracing, taken after the injec- 
tion of 40 c.c. of oxygen, showed only slight slowing of the rate (to 130). Lead 
II, taken after 10 c.c. had been injected, showed slight elevation of the T waves 
which was not present in the final record. 

Comment . — Only 40 c.c. of oxygen were injected. This might account for the 
slight electrocardiographic changes. It is doubtful, however, whether a larger quan- 
tity of oxygen would have caused further changes, because the most marked altera- 
tions occurred at the beginning of the injection. This patient was extremely appre- 
hensive. Fear prevented any appreciable alteration- in either rate, rhythm, or con- 
figuration by producing increased sympathetic activity. 


Case 11. — F. B., a 26-year-old woman, had had convulsive seizures in the left foot 
two or three times a year for thirteen years, followed by spread to the left arm 
and right leg. For seven months she had had daily occipital and frontal head- 
aches. The patient had had heart disease since birth. 

Examination revealed a pale, thin, apprehensive, cyanotic woman with loud sys- 
tolic murmurs, an enlarged heart, clubbing of the fingers, and bilateral pes cavus. 

The electrocardiographic changes were insignificant. A slight slowing of the 
rate (from 130, initially, to 110 at the end of the procedure) was observed. A 
very slight elevation of the T waves and S-T segments appeared in Leads II and 
TTT after 25 c.c. of the gas had been injected. Marked right axis deviation and 
abnormally large P waves in Leads II and III were present in all the tracings. 
These were ascribed to the congenital cardiac defect. 

Comment. — Again, the only measurable changes occurred early in the procedure. 
Her extreme anxiety was responsible for the initial and persistent tachycardia. Ho 
correlation existed between the minimal electrocardiographic changes and the mod 
erately severe retching, nausea, and vomiting. 


Case 12. — E. D., a 38-year-old man, had a severe dizzy spell three weeks before 
admission. Three years previously he had had a transient hemiplegia whic \ 
cleared completely within forty-eight hours. 

Examination revealed mental retardation, retinal arteriosclerosis, and mild 
hypertension. The pneumoencephalogram showed definite dilatation of the sulci, 
and he was discharged with a diagnosis of encephalomalacia secondary to arteno 
sclerosis. 

The electrocardiograms showed little alteration. An initial tachycardia of 146 
slowed to 130 at the end of the procedure. Low voltage was present in all leads 
in the preoperative tracings, as well as in those taken during and after the pro 
cedure. Very slight elevation of the T wave in Lead U was observed after the 
injection of 50 c.c. of oxygen. 
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Comment . — This man was worried for two days before the encephalograms were 
made. Other than headache, there were no symptoms. The tachycardia was a 
reflection of his anxiety. The minimal alterations in the electrocardiogram may 
have been caused by sympathetic overactivity. 

DISCUSSION ' 

In eight of our twelve cases, appreciable electrocardiographic changes 
occurred during pneumoencephalography. Abeles and Schneider re- 
ported an incidence of 75 per cent in their twenty eases. Our obser- 
vations do not confirm those of Ambrosi, who reported only slight 
alterations in the heart rate. We found alterations which varied in 
type and degree in all our eases. They can be divided into two general 
categories: those concerned with the pacemaking mechanism, and 
those which, for lack of a better name, may be called wave changes. 
Both types may occur in the same patient. 

In ten cases in the first group there were changes which varied from 
a slight slowing of rate to sinus arrhythmias, nodal beats, auriculoven- 
tricular dissociation and interference, wandering pacemaker, and 
auricular flutter. 

In eight cases in the second group there were slight to marked 
alterations in the P and T waves and the S-T segments. Variations in 
the height and direction of the QRS complexes occurred in two cases. 
These two types of alterations have no direct relationship to each other. 
In some cases only slight wave changes appeared when there was a 
marked pacemaker disturbance. In other cases the converse was true. 

The electrocardiographic changes in several cases Avere most marked 
at the beginning of the procedure. In others, the changes began im- 
mediately upon the introduction of the gas and progressed throughout 
the procedure. The changes in the paeemaking mechanism Avere caused 
by vagal activity. The rapidity with Avhich these alterations Avere 
initiated suggested a central mechanism. It is possible that the Avave 
changes also Avere of A r agal origin. 

The electrocardiographic changes could not be correlated A\dth the 
other side reactions in degree. Nausea, headache, and similar com- 
plaints commenced at the same time as the electrocardiographic altera- 
tions. In three patients Avith minimal electrocardiographic changes 
there Avere severe subjective symptoms (Cases 9, 11, and 12). Two 
other patients Avith marked or moderate electrocardiographic variations 
had minimal symptoms (Cases 1 and 6). From this lack of correlation 
one may conclude that the introduction of oxygen into the subarachnoid 
space stimulates several centers simultaneously, but not to the same 
extent. It is our belief that the cardiac changes are caused principally 
by central vagal stimulation, Avhereas the other side-reactions are, for the 
most part, brought about in other Avays. 

Vagal stimulation in itself may be responsible for side-effects In the 
only case in Avhich syncope occurred, evidence of more powerful vagal 
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stimulation was found in the electrocardiogram than in any other 
tracing. There can be little doubt that, in this instance, the central 
vagal mechanism was responsible for the collapse. The syncope in this 
case was different from the reflex vasovagal or vagovagal type, in that 
the stimulation reached the central nervous system directly. 

In those eases in which the changes were minimal, the patients were 
most apprehensive and excitable, and showed marked tachycardia. 
The dose of y 7U grain of atropine, which was given before making the 
encephalograms, was well below that required to cause alteration in 
the heart rate . 3 4 5 It is reasonable to assume, therefore, that in these in- 
stances the psychic disturbance caused a marked sympathetic outflow 
which prevented any abnormal vagal stimulation from altering the 
pacemaker mechanism or initiating conductive changes in the heart 
itself. It would follow, then, that larger doses of atropine might be 
used for the normal adult as routine premedication. In addition, it 
would seem advisable to reinforce this with one of the sympathieo- 
mimetic drugs. 

SUMMARY 

Eleetrocai'diographic changes indicative of increased vagal activity 
occur during encephalography. 

The authors wish to express their thanks to Dr. L. M. Davidoff and Dr. M. G. 
Wasch for their cooperation and interest. 
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STUDIES OF THE VARIATION IN CIRCULATORY AND 
RESPIRATORY RESPONSES TO CAROTID SINUS 
STIMULATION IN MAN 

Morton Galdston, M.D., Robert Goldstein, M.D., Baltimore, Md., 
and J. Murray Steele, M.D., New York, N. Y. 


I T IS now nearly a century and a half since Parry 1 noticed that pres- 
sure on the neck along the course of the carotid arteries might cause 
slowing of the heart, but only lately has the nature of the mechanism 
become clear. Prior to recent work it was generally regarded as due to 
stimulation of the vagus nerve, 2 ’ 3 and came to be known as “ Vagus- 
druckversueh” or “vagus pressure test.” In 1900, Pagano 4 and Sicili- 
ano 5 showed, however, that although the cardiac slowing was mediated 
through the vagus, it was primarily dependent upon a reflex from the 
carotid arteries, and Sollmann and Brown,® in 1912, clearly demonstrated 
that traction on the carotid arteries in the absence of stimulation of the 
vagus nerve produced a fall in arterial pressure as well as slowing of the 
heart. Hering’s 7 ’ 8 ’ 9 painstaking physiologic and anatomic studies (1923 
• to 1927) on the pathways of the nervous impulses first served to bring 
general recognition to the reflex nature of the phenomenon. Through 
the work of Hering’s associate, Koch, 10 ’ 11 and Ileymans and his co- 
workers, 12 ’ 13 ’ 14 De Castro, 15 and Sunder-Plassmann, 10 a clearer definition 
of the mechanism of the carotid sinus and its pathways came about. 

In 1933 and 1935, Weiss and Baker 17 and Ferns, Capps, and Weiss 18 
reported instances of syncope and convulsions in persons in whom it 
was easy to reproduce attacks by slight pressure upon the carotid sinus. 
Hering 8 had suggested that such a response might account for certain 
instances of syncope and convulsions in man. Weiss and his co-workers 
distinguished three types of syncope as a result of carotid sinus stimula- 
tion, Usually two or more varieties occurred simultaneously. The 
first, in which syncope was accompanied by marked slowing of the heart 
rate or asystole, and a consequent fall in arterial pressure, was 
designated the “vagal type;” the second, in which a marked fall in 
arterial pressure occurred without significant slowing of the heart, the 
‘‘depressor type”; and the third, in which there was syncope without 
either slowing of the heart or fall in arterial pressure, the “cerebral 
type.” A response similar to the “cerebral type” was reported at about 
the sam e time by Danielopolu, 19 who believed that hypersensitivity of the 
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Table I 

Circulatory Changes in Patients With Carotid Sinus Syncope 

SYNCOPE 

JRE PULSE RATE TYPE OP RESPONSE A ND/OR DIAGNOSIS 
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All patients listed are males. 

•Y vagal, I>-r-depressor, C — cerebral 



X24-E.D,. -52 ' 1C0_ _90_ 90 10 sec. asystole + + - 7- ^ common, ox, 

100 50 ternal and internal carotid arteries 

‘ ' teases' 12," U. Thrombosed left carotid' aeries W erc surgically removed prior to the study. There was no hypersensitivlty'of the carotid 
sinus of this side 53 . 
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GALDSTON ET AL. : 


carotid sinus played an important role in the cause of convulsions m 

epileptics. . , 

Because of the difficulty in following changes m arterial pressure and 

pulse rate continuously by the usual technique during the brief period 
in which the reactions caused by pressure upon' the carotid sinus occur, 
the existence of the so-called cerebral type has been in doubt. Since 
methods of recording arterial pressure and pulse rate continuously ^by 
direct intra-arterial measurements have recently become available, 
a restudy of the relationships, in point of time, between changes in 
arterial pressure, pulse rate, venous pressure, respiration, and the onset 
of syncope and convulsions was believed warranted. 

One hundred persons were examined, twenty-six of whom had a sensi- 
tive carotid sinus reflex, in the sense that syncope and convulsions, with 
or without circulatory changes, occurred promptly with gentle pressure. 
Of these, seventeen regularly had convulsive seizures on stimulation of 
the carotid sinus. All of them were men whose ages ranged from 46 to 
77 years (Table I). Four women and five men were not sufficiently 
cooperative for detailed study. Three patients (Cases 11, 12, and 15) 
gave a history of having experienced spontaneous attacks similar to those 
produced by pressure on the carotid sinus. 


METHODS 

The patient was placed in the supine position on a comfortable stretcher, with 
the arm to be used for arterial puncture extended on a padded board support at an 
angle of about 70° or 80° to the longitudinal axis of the body. The radial artery 
was located and the shin and subcutaneous tissues about the site were injected with 
approximately 0.5 c.c. of 2 per cent novocain solution. A sharp, short-beveled, 
20-gauge Luer needle, connected by lead tubing to a Hamilton manometer, was in- 
serted. Only occasionally was any marked discomfort experienced by the subject. 
Venous pressure was recorded through a 20-gauge needle inserted in the anteeubital 
vein and connected with a second Hamilton manometer barrel fitted with a rubber 
membrane. Respiration was recorded by transmitting the pressure changes in a 
rubber bag, inflated with air to a pressure of 2 to 3 mm. Hg, inside of a linen binder 
placed loosely about the chest, to a third Hamilton manometer barrel fitted with 
a rubber membrane. The beginning and end of carotid sinus stimulation and of 
syncope and convulsions, were recorded by passing a card in front of the camera. 
Drugs, such as atropine sulfate and paredrine hydrobromide,* -were given intra- 
venously, and the beginning and end of the injection were recorded. 

Stimulation of the carotid sinus was carried out digitally. Occasionally, in sensi- 
tive persons, the palpation necessary to locate the sinus caused mild stimulation. 
Pressure on the sinus was often gentle, sometimes firm, but in no case -was it suf- 
ficient to shut off the arterial supply, as evidenced by the fact that pulsation could 
be felt above the site of pressure. Even though the artery may have been partially 
occluded in rare instances, the observed effects on pulse rate and arterial pressure 
were not attributable to partial closure of the artery, for complete closure could be 
carried out either above or below the site of the carotid sinus without their oc- 
currence. Pressure below the sinus sufficient to reduce pressure within it regularly 
called fo rth a mild rise of arterial pressure and pulse rate. 

FreTch r Labora h t^i?s br0mide f ° r thCSe stUdles Was klnt ^ by Smith. Kline & 
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CIRCULATORY RESPONSES 

The response to digital pressure upon tlie carotid sinus was lecoided 
in each instance before and after the intravenous injection of 2.5 mg. 
of atropine sulfate and,, at some other time, before and after 10 mg. of 
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1 Pnredrhie was employed in preference to 

paredrine hydrobromide. because its effect is supposed to be 

other sympathomimetic suteUu«« 
unaccompanied hy cortical stimulation. 



Bradycardia, and often asystole of three to seven seconds’ duration, 
and a fall in arterial pressure constituted the evidence for circulatory 
effects of carotid sinus stimulation. If both pulse rate and arterial pres- 
sure returned promptly to their previous levels, the fall in arterial 
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pressure was taken to be the result of slowing of the heart, and the 
response was called “vagal” (Cases 1, 2, 3, Fig. 14). Additional evi- 
dence that a fall in arterial pressure was, in these instances, mainly de- 
pendent upon the bradycardia was the fact that, when atropine prevented 
the slowing of the heart, it also prevented, to a large extent, the fall 
in arterial pressure (Fig. IB). 
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In a considerable number of instances the fall in arterial P^suie 
itlasted the slowing of the heart (Cases 4 to 15, F h 

ressor,” as well as a “vagal,” response was obviously 
travenous injection of atropine prevented the slowm 0 
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rate but not the fall in arterial pressure. Under the influence of this 
drug, the fall in pressure was often greater than before its injection 
(Pig. 2 B). In two instances (Cases 4 and 6), the arterial pressure re- 
mained low for several hours. The injection of paredrine had the 
opposite effect— the “depressor” reaction was abolished, but the “vagal 
effect persisted even though it was usually less intense (Fig. 2C). A 
purely depressor response was not observed in the present study except 
after the administration of atropine. Its occurrence has, however, been 
reported. 8 - 10 ’ 18 ’ 24 It should be noted that the right and left carotid 
sinuses of a given person often exhibit very different degrees of sensi- 
tivity, and may even give rise to qualitatively different responses (Pigs. 
3 and 4, Table I) . 

Relation of Circulatory Changes to Syncope . — In the presence of 
marked circulatory disturbances caused by carotid sinus stimulation, it 
seemed likely that the occurrence of syncope was attributable to cerebral 
anoxemia due to asystole and a fall in arterial pressure. This belief 
was strengthened by the fact that when circulatory changes failed to 
occur or were very slight after the administration of atropine or 
paredrine, syncope, too, failed to develop (Pig. 1) . 

There were, however, five subjects (Cases 13, 14, 15, 16, and IT) who 
had syncope without circulatory disturbances. Three of these had 
marked circulatory changes, to which syncope was attributed before 
atropine or paredrine was given, but, when syncope persisted in spite 
of the prevention of marked circulatory disturbances by means of 
these drugs, it became clear that the two were not related. Weiss and 
Baker 17 have described similar instances. 

In two instances (Cases 16, 17), syncope with or without convulsions 
was frequently observed to follow digital pressure on the carotid sinus 
in the absence of significant systemic circulatory change (Figs. 3 A, 4 B). 
Syncope occasionally occurred after five, but usually after ten or fifteen, 
seconds of pressure. The administration of atropine and paredrine did 
not prevent the occurrence of syncope (Figs. 3 B and C). These ob- 
servations demonstrate that there is a “cerebral” type of carotid sinus 
syncope, for the syncope was shown not to be related to circulatory dis- 
turbances. 


The type and degree of circulatory changes elicited in these patients 
by stimulation of the right and left carotid sinuses differed markedly. 
That syncope and convulsions may occur on stimulation of the side 
which produces the lesser degree of circulatory change and may fail to 
occur on stimulation of the side which causes the more marked circula 
tory response (Pigs. 3 and 4, Table I) makes it obvious that the occur- 
rence of syncope and convulsions with carotid' sinus stimulation is not 
always related to an impaired flow of blood to the brain. 

Venous Pressure .- Observations upon animals’ mesenteric veins which 
were .solated from the circulation but left in connection with their 
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nervous attachments have shown that contraction takes place dur inn- 
stimulation of the carotid sinus. 25 ' 2G > 27 Studies of the effect of stimula°- 



tion of the carotid sinus in man upon venous pressure are too few to draw 
conclusions. A rise during convulsions only , 28 a fall wlth s 0 ^? d ginUS 
heart , 29 and failure to change during the cerebral type of ca 



GALDSTON ET AL. : 


CAROTID SINUS STIMULATION 


223 


syncope 18 have been reported. The changes were independent of arterial 
pressure. 

In seven patients with a vagal and depressor type of circulatory 
response, the venous pressure rose promptly, but slightly (1 to 2 cm. of 
water), as the heart rate slowed and the arterial pressure fell, and re- 
turned quickly to the previous level along with the heart rate and 
arterial pressure. A rise in venous pressure always preceded syncope 
and convulsions, even in one instance of a purely cerebral type. During 
pressure on the common carotid artery below the carotid sinus, a slight 
fall occurred, together with a rise in arterial pressure and heart rate. In 
each case the change in pressure was in a direction that might accom- 
pany the probable changes in cardiac output. 

RESPIRATORY RESPONSES 

In man, hyperpnea occurs quite regularly on pressure in the region of 
the carotid sinus, independently of circulatory changes, and may be 
elicited in nearly all normal persons, 3 ®- 37 - 38 as well as in those who have 
an abnormal circulatory response to carotid sinus pressure. 18 - 39 Some 
observers 18 - 28 have stated, however, that the incidence of hyperpnea is 
greater in elderly and arteriosclerotic persons. In order to clarify this 
point, two groups of persons were studied, one elderly, the other young. 

The respiratory changes caused by digital pressure in the region of the 
carotid sinus in fourteen elderly patients in the present study who also 
exhibited marked circulatory responses were not different from those 
which occurred in persons who did not exhibit circulatory changes or 
those reported previously in man. A marked increase in the depth, 
with little or no increase in the rate, of respiration occurred. Apnea, 
as the initial response, was not observed, regardless of the type of circu- 
latory response. Hyperpnea occurred with the cerebral (Fig. 3), as 
well as with other types of syncope and, in the absence of syncope, both 
before and after the administration of atropine and paredrine (Fig. 1). 
It seemed to be independent, likewise, of circulatory change. 

In those instances in which syncope and convulsions were prevented 
by the administration of atropine or paredrine, it was possible to observe 
respiratory changes during prolonged stimulation of the carotid sinus. 
The respiratory excursions began to increase in depth within 5 to 20 
seconds after pressure was applied and continued to do so until a peak 
was reached between 45 and 90 seconds, and then declined rapidly 
during the next 10 or 15 seconds. The rate of respiration usually in- 
creased two to five breaths per minute (Fig. 1). Often It remained 
unchanged, and, in one instance, decreased. Although pressure on the 
sinus was continuous, a phasic type of respiration often occurred which 
resembled, in some instances, Cheyne-Stokes respiration (Figs, 5A/B, C) 
Each succeeding hyperpneic period was, however, usualty shorter' and 
less intense than the previous one. In the intervening periods the 
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respiratory excursions were either shallow and irregular, with periods 
of apnea, or were simply shallow and slower than normal. During 
hyperpnea, dizziness, ‘ ‘ lightheadedness, ’ ’ a burning sensation in the 




:e, tingling in the extremities, and, in many instanecs,^ piofu^ 
aspiration of the hands and flushing of the faee occur ^ 
hyperpnea appeared to be sufficient to account 
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Changes in the character of respiration were not observed when pres- 
sure was applied to the common carotid artery above or below the level 
of the carotid sinus (Fig. 5 D, E), except for occasional deep breaths 
just after pressure was begun (Fig. 5 E). Pain as a result of digita 
pressure was clearly not responsible for the stimulation of respiration, 
for painful stimuli (strong pressure on the trachea or the anterior 
border or belly, of the sternocleidomastoid muscle, or deep pressure else- 
where in the neck) did not elicit a similar response. Furthermore, when 
the skin in the region of the carotid sinus was anesthetized with a 
1.5 per cent solution of procaine, respiratory stimulation could still 
be elicited by pressure over the carotid sinus. 

Thirty-five young persons were also studied. None of them exhibited 
pronounced circulatory responses to carotid sinus pressure. Twenty- 
two (thirteen men and nine women) were patients from the wards, and 
thirteen (eight men and five women) were membei’s of the house and 
nursing staffs. Their ages ranged from 15 to 30 years. In all but five 
persons, the hyperpnea in response to carotid sinus pressure was 
similar in degree to that which occurred in the older patients. The 
respiratory change was usually not preceded by significant circulatory 
elianges, but occasionally there were a slight rise in arterial pressure 
(5 to 20 mm. Hg) and a slight fall in pulse rate (6 to 20 per minute). 
When phasic respiration was induced by prolonged pressure on the 
sinus, changes in the character and rate of the pulse occurred only 
during the height of the hyperpneic periods, and subsided during, the 
apneic periods (Figs. 5 A and B). This phenomenon also occurs with 
true Cheyne-Stokes respiration. 40 Observation of these two groups tends 
to confirm the view expressed by Danielopolu and his co-workers, 
namely, that hyperpnea in response to carotid sinus pressure occurs in 
most normal persons, young or old, male or female. 

Mechanism of Production of Hyperpnea . — There is, in the literature, 
general agreement that changes in the arterial pressure within the 
carotid sinus influence respiration as well as circulation. The circulatory 
changes described in man in response to pressure on the carotid sinus 
have quite regularly resembled those observed in animals, but respira- 
tory reactions in man are not so easily correlated with the studies on 
animals. In animals under anesthesia, an increase in arterial pressure 
within thfe carotid sinus gives rise to apnea or slowing of respira- 
tion, 12 ' but hyperpnea is the regular response to pressure in 

the region of the carotid sinus in man. 


The conditions under which studies of respiratory response to stimu- 
lation of the carotid sinus and carotid bodies in animals have been 
carried out differ, however, from those under which man has been 
studied chiefly in three respects: (1) the animals were anesthetized 
;?) the pressure c Wes were applied within the carotid sinus rather 
than upon it from the outside, and (3) anatomic and physiologic 
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arrangements were carefully made so that stimulation of the carotid 
sinus would not affect the carotid body. Any of these differences may 
account for the fact that apnea, rather than hyperpnea, usually occurs 
m animals when there is an increase in pressure in the carotid sinus. 

An attempt was made to investigate the first of these differences by 
testing the respiratory effects of pressure on the sinus while the subject 
was under the effect of general anesthetic agents, and to study the third 
by using local anesthesia to separate the activities of the carotid sinus 
from the carotid body. Concerning the anesthetic, agents employed in 
animal studies, it is generally agreed that the barbiturates depress the 
carotid sinus, vasomotor 14 * 41 and respiratory reflexes, 42 and that chlo- 
ralasane is the one of choice, 42 * 43 but lack of agreement exists con- 
cerning the use of morphine-pernoeton anesthesia. 43 * 44 In human 
beings, barbiturates and many of the inhalation anesthetic agents are 
reported to depress, and morphine to increase, the circulatory reflex. 45 

The effect of barbiturate anesthesia was studied on six patients who 
showed respiratory, but no circulatory changes in response to carotid 
sinus pressure. Anesthesia of sufficient degree to prevent any response 
to painful stimuli urns induced by injecting, intravenously, evipal (4 
cases) or sodium pentothal (2 cases) (0.6 to 1,0 Gm.). A transient, 
slight fall of arterial pressure, without significant change in pulse rate, 
usually followed the injection. Hyperpnea of the same degree and after 
the same interval as in the unanesthetized state was elicited in every 
case. In the doses used, barbiturate anesthesia plainly, did not affect 
the respiratory reaction. In one instance a preanesthetic dose of % 
grain of morphine and %oo grain of scopolamine was followed by 
drowsiness, but failed to prevent the appearance of hyperpnea aftei 
pressure on the carotid sinus. It seems unlikely, therefore, that geneial 
anesthesia is responsible for the differences observed between man and 
animals. 

In studies on animals, great care has been taken not to alter the blood 
supply to the carotid body during stimulation of the carotid sinus. The 
method generally employed has been to exclude the carotid body iom 
the circulation, and to perfuse it independently. Under these circum- 
stances, respiration is depressed when there is an increase in intiasma 
pressure. When the blood supply to the carotid body is, howev ei , ^ 
liberately reduced, respiration is stimulated. 46 * 47 In man ^ ie ^\°_ s ? UC 
tures lie so close together that during pressure upon the caroti sin ^ 
region the blood supply to the carotid body may obviously ie par ia^ J 
obstructed. It is, therefore, quite possible that the hyperpnea o serve 
in man may arise as a result of stimulation of the carotid o y ra 
than of the carotid sinus. 

To test this possibility, the regions about the carotid sinuses o. om 
persons were anesthetized with a 1.5 per cent solution of procaine o 
learn- whether the respiratory response, like the circulatory response 
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pressure upon the carotid sinus, could be prevented. Three exhibited 
marked circulatory and respiratory changes, and one had respiratory 
changes only. The degree of success of the block was tested by injecting 
0.11 mg. per kilogram of body weight of sodium cyanide intravenously. 
If hyperventilation occurred after the injection of sodium cyanide, more 
procaine was injected, but if there was no response, the block was con- 
sidered complete. It was found that when sodium cyanide failed to 
elicit a respiratory reaction, pressure on the carotid sinus also failed. 
Circulatory responses likewise were lacking. As the anesthesia woie 
off, the respiratory response (liyperpnea) returned more quickly than 
the circulatory (cardiac slowing) — a fact which suggests that the 
mechanisms involved in bringing about the two responses are not iden- 
tical. Together with the previous studies on animals, the observation 
suggests that liyperpnea, as ordinarily induced by digital pressure in 
man, is caused by a disturbance of the circulation to the carotid body. 

Marked transient tachycardia and hypertension, lasting thirty or 
forty minutes, which were not affected by carotid sinus pressure, oc- 
curred after complete anesthetization of both carotid sinuses; this was 
to be expected, in view of Heyman’s studies on dogs whose carotid sinus 
and aortic nerves had been sectioned. 12 


COMMENT 


In persons with a hypersensitive carotid sinus reflex, syncope and 
convulsions seem to be brought about in at least two ways. The one 
which is better understood and more common is probably the result of 
cerebral anoxemia caused by slowing of the heart, or asystole, or a fall 
in arterial pressure. The second mechanism occurs in the absence of 
systemic circulatory changes of any significance, for which reason it has 
been labelled the “cerebral” type. Gross cerebral circulatory changes, 
as measured by a thermocouple and by differences in oxygen and carbon 
dioxide content of arterial and venous blood, apparently do not occur 
in this variety. 18 - 48 Vasoconstriction in small areas of the brain of in- 
sufficient extent to be detected by these techniques may, of course, have 
taken place, but it seems unlikely; for, in animals, dilatation of the 
cerebral vessels has been demonstrated on stimulation of the carotid 
sinus (increase in intrasinal pressure), and constriction only on de- 
crease of intrasinal pressure. 49 - 50 In any event, the vasomotor reactions 
of the blood vessels of the brain are feeble, and do not ordinarily appear 
to play a large part in the control of cerebral blood flow. 50 ' 51 > 52 


Some evidence exists for believing that syncope occurs as the resull 
of direct nervous transmission of impulses from the site of stimulation 
Weiss believed that syncope may result from reflex inhibition of a centei 
of consciousness. 52 Eleetroeneephalograpliic studies indicate that some 
alteration in cerebral activity occurs during the “cerebral” type ol 
carotid sinus syncope, but a distinction cannot be drawn between thk 
type of syncope and that associated with systemic circulatory change 5 
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The regular occurrence of hyperpnea in man is of interest because it 
diilers from what lias been reported in studies on animals. With the 
exception of Danielopolu and his co-workers, 37 - 38 - 30 it is generally agreed 
lhat apnea is the usual response to a rise in inirasinul pressure. Schmidt 
and Com roe 3 ' 1 have found that if the effect of compensatory reflex areas 
(opposite carotid sinus and aortic bodies) is not eliminated, either by 
denervation or by maintaining the systemic blood pressure at a con- 
stant level, hyperpnea may occur. In the present study it seems unlikely 
that compensation accounts for the hyperpnea for two reasons. First, 
hyperpnea occurred in the absence of circulatory changes of sufficient 


magnitude to arouse a compensatory reaction, and, second, it occurred to 
the same degree and quite as promptly in two patients whose left carotid 
sinuses had been removed surgically 53 (Cases 12 and 14). The aortic 
bodies were, of course, intact in both patients. 

The more likely explanation is that the crude manner in which 
stimulation of the carotid sinus is carried out in man, namely, by pres- 
sure on the neck in the region overlying the carotid sinus, impairs the 
blood flow through the carotid body. Four facts suggest that this is 
so. (1) The carotid body and sinus lie in close proximity in man. (2) 
Pressure is required for a considerably longer period of time to bring 
on hyperpnea than to induce cardiac slowing. (3) After local anes- 
thetization of the region of the carotid sinus, the respiratory and circu- 
latory responses returned independently of each other; the circulatory 
took longer. (4) The respiratory response (hyperpnea) corresponds 
to what has been found in animals when the blood flow to the carotid 
body is reduced. Differences between animal and human studies he 
come, from this point of view, more understandable. 

Even though the method of stimulation in man is obviously crude 
insofar as localization is concerned, it is surprising that standai d text 
books of physiology fail to refer to the observation that hypeipnea 
regularly follows pressure on the neck in the region of the eaiotid sinus 
in normal persons, as well as in those with evidence of a hypeisensitne 
carotid sinus reflex, and that it is quite independent of ciicu a oiy 
change. 


SUMMARY .-AND CONCLUSIONS 

1. The circulatory and respiratory responses to stimulation of the 
carotid sinus by digital pressure in seventeen persons with hypeisensi 
tivity of the carotid sinus were studied. 

2. The common circulatory response is slowing of the heait and 
asystole (vagal response), together with a fall in arterial piessuie 
(depressor response). A pure vagal response is next most common, 
pure depressor response was not observed except when the patient v, as 
under the influence of atropine. JParedrine hydrobromide prevente , 0 
a large degree, the depressor responses. 
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3 Two patients had convulsions without any significant circulatovj- 
change (cerebral type). In three other patients, syncope and convul- 
sions persisted when circulatory changes were inhibited by the adminis- 
tration of atropine or paredrine. 

4. I-Iyperpnea is the regular respiratory response to digital pressure 
in the region of the carotid sinus. Its occurrence is independent of the 
circulatory response. It is independent of age or sex. It is not pre- 
vented by barbiturate anesthesia, but local infiltration of the region 
about the carotid sinus and carotid body with procaine hydrochloride 
abolishes it. Prolonged stimulation is often followed by a phasic type 
of respiration similar to Cheyne-Stokes breathing. 

5. Evidence is presented for the belief that hyperpnea after pressure 
on the neck in the region of the carotid sinus in man may be caused by 
a disturbance of the blood supply to the carotid body, rather than by 
mechanical stimulation of the carotid sinus. 
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EFFECT OF HIGH-PROTEIN DIET AND UREA ADMINISTRA- 
TION ON THE BLOOD PRESSURE OF NORMAL DOGS AND 
OF DOGS WITH EXPERIMENTAL RENAL 
HYPERTENSION 

John L. Guerrant,® M.D., James K. Scott, M.D., and 
J. Edwin Wood, Jr., M.D. 

Charlottesville, Ya. 

A NUMBER of observations have been made to ascertain the effect 
/\ of high-protein diet on renal function and structure. Lev nv U 1 
and others produced renal lesions in animals by high-proton 
Relatively few investigators have studied the question of blood incssa 
response \o high-protein diet. Almost a, .agree that — P 
intake does not cause blood pressure elevation m normal »tadan,,^ 
An exception appears in the work of Nuznm, s loin ' ‘ ' rodueod | )V 
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tein), or excessive urinary alkalinity iom j» piood pressure 

diet (soy bean). Anderson however, ai . , ' Ingh-Iiroloin 
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ney tissue had been removed. Chanutm and cx . 

hypertensive by subtotal nephrectomy, an ^ „ n important 

periments, considered the type of p.o e n co P 
factor in the incidence of three general disad- 

These experiments on rabbits at • . i]1( , d hyp erteilsion alter 

vantages: first, the relative uneertanift repealed 

partial renal ablation ; seconc , ■ ■ . vvat i 0 ns ; and, third, the fa' 1 

systolic and diastolic blood 

that rabbits and rats are unaccustomed to 1,1 ^ Mood pressure 

More recently, Verney and Vogt m , )ccn rendered h>- 

after feeding meat, urea, and salt to * tho renal arteries, 

pertensive by the application o w l,j c h was made h.vpei- 

Maclachlan and Taylor 5 studio < • * ^dney and removal ot « 

tensive by the application of a cast foI ']„wed meal and urea 

other. Repeated rises of mean b bod P - Ionnd thal high-protem 
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diets had no effect on the blood m cs.su j „ sharp rise of 
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systolic and diastolic blood pressure on a „ 

aatts, sffieSc. v„. 
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of blood pressure occurred in two repetitions of this original observa- 
tion. A high-protein diet had no effect on the blood pressure of the 
other three hypertensive dogs, or on three additional dogs with mi 
hypertension. 

It is the purpose of this paper to describe the blood pressure reactions 
of normal and hypertensive dogs to the administration of large amounts 
of meat and urea. 

METHODS 

The dogs were large mongrels or hounds. An effort was made to select dogs 
with long, slender legs. Only quiet animals were used. Each dog was kept m an 
individual cage and fed on a standard lcennel ration.* 

Hypertension was produced by the method of Goldblatt, et al . 8 One of the 
renal arteries was exposed by means of a flank incision, a clamp was placed on it 
and tightened until no pulsations distal to it could be felt, and then the screw was 
released three-quarters to one and one-half turns. About two weeks later a similai 
procedure was done on the other side. Five months to six years elapsed between 
the completion of the last stage of the operation and the beginning of the experi- 
ments described in this report. 

Blood pressures were taken by direct puncture of the femoral artery, and recorded 
with the Hamilton manometer . 0 The animals were trained to lie quietly, and the 
needle was inserted into the femoral artery without anesthesia. As a rule, this 
procedure disturbed the animals very little, for all of them had been trained for at 
least five months before the beginning of the experiments. 

Blood urea estimations were made in duplicate by the method of Van Slyke and 
Cullen.m None of the animals had enough renal insufficiency to cause an ab- 
normally high blood urea. 


EFFECT OF FEEDING A HIGH PROTEIN DIET OVER A PROLONGED PERIOD 

Four hypertensive and two normal dogs were selected. One of the 
hypertensive dogs was accidentally killed and another became pregnant, 
so that only two hypertensive and two normal dogs were left to complete 
this study. Blood pressures were taken once or twice a week through- 
out the experiment. For two weeks the dogs were kept on the regular 
kennel ration, and then the diet was changed to 36 6m. of lean raw beef 
per kilogram of body weight for five weeks. The amount was then in- 
creased to 73 6m. per kilogram for four weeks, and, finally, during the 
last two weeks, they received 110 6m. of meat per kilogram. This 
amounted to more than 4 pounds of meat a day for the larger dogs. A 
second control period of eight weeks on the kennel ration finished the 
experiment. All of the dogs gained weight during the second and third 
meat-feeding periods. A maximum urea level of 100 mg. per 100 c.c. of 
blood was observed in one of the hypertensive dogs while it was on the 
meat diet. Fig. 1 shows all of the blood pressures and weights during- 
tins experiment. One of the hypertensive dogs (No. 42) seemed to 
show a constant rise in blood pressure while on the meat diet, but his 
pressure did not fall when he was changed back to the kennel ration 
In the other animals no definite changes were noted. 


bran alfalfa salt, cod-liver o 
carbohydrate. 36 per cent flber? I per cent P ’ 52 Per Cent - 6 Per ce: 
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EFFECT OF A SINGLE, LARGE, HIGII-PROTEIN MEAL 

Six dogs were used for tliis experiment, i our had bilateral Gold- 
blatt clamps, with resultant hypertension, and two were normal animals. 
After a twenty-four-hour fast, the dogs were given three pounds of lean 
raw beef at a single meal. Two of them (Nos. 42 and 49) ate only about 
half of the meat. The others took the entire ration. The blood pres- 
sure was recorded just before the meal and at one hour, two hours, four 
hours, and twenty-four hours after. In most instances the blood pres- 
sure was taken on the day preceding the experiment, as well. The 



\ l3 r*A is <7 » 


19 10 


dogs 

lean 


/ 2 j 

S'J h ™at?‘A“te™el ration .».»• 

• m 1 1 T It will be noted Unit the changes 
blood pressures appear m Ta > • Ul0 hypertensive dogs 

are relatively slight and inconstant In tv » ^ ^ ^ „„ „ sllg l,t 
there was a slight immediate rise u P • d|a]]gc Tllc blood pres- 

fall, and in the fourth there was n , sscn tially unchanged after men 
sure of the control animals remained cssentianj 

feeding. 

erfect or intravenous administration or 

Two normal and four hypertensive dogs ^ m Gm. of 
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Table I 




II 1 — - — 

DOG 

NO. 

PRECEDING 

DAT 

before 

MEAL 

ONE HOUR 
AFTER 
MEAL 

TWO IIOURS 
AFTER 
MEAL 

FOUR HOURS 
AFTER 
MEAL 

TWENTY- 
FOUR HOURS 
AFTER MEAL 

37 

40 

42 

44 

49 

33 

225/130 

265/150 

190/100 

180/100 

240/130 

200/115 

280/160 

245/130 

210/100 

200/100 

220/130 

230/120 

300/170 

230/130 

180/ 90 

240/130 

200/115 

2S0/155 

270/140 

200/105 

230/125 
220/120 
240/155 
245/130 
180/ 90 
205/ 95 

2(30/15o 

220/120 

280/170 

245/130 

200/100 

215/115 


FIG. 2 INTRAVENOUS UREA & B. P. 
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Fig. 2. — Graphic record of blood pressure and blood urea after intravenous administra- 
tion of urea to normal and hypertensive dogs. 


cent solution. The urea was given by means of a small rubber tube 
which was inserted intravenously before the beginning of the experi- 
ment, so that no discomfort to the animal accompanied the injection. 
The blood pressure and blood urea were ascertained at about one-half 
hour, one and one-half hours, four hours, and twenty-four hours after 
the urea injection. There was always a marked rise in blood urea, but 
the level promptly returned to normal within twenty-four hours. ' The 



236 


AMERICAN HEART JOURNAL 


blood pressure and blood urea changes are shown in Fig. 2. ' One of the ' 
normal dogs showed a slight rise in blood pressure, and the other showed 
no definite change. One of the hypertensive dogs (No. 42) showed a 
definite rise in blood pressure, another (No. 44) showed a slight rise, and 
two showed no change. 


FIG3 INTRAGASTRIC UREA & BLOOD PRESSURE 
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DISCUSSION 

111 these experiments, prolonged meat feeding, the feeding of a single, 
large, meat meal, and the administration of urea by vein or by stomach 
tube failed to produce consistently significant blood pressure changes m 
normal and hypertensive dogs. One of the hypertensive dogs (No. 42) 
showed a moderate elevation of blood pressure during each of the ex- 
periments. However, the blood pressure failed to return toward the 
normal level during the eight-week control period after the prolonged 
meat diet. In the other hypertensive and normal dogs the changes were 
either insignificant or inconstant. These results are similar and com- 
parable to those of Philipsborn, Katz, and Rodbard,' who observed a 
significant elevation of blood pressure in only one of their hypertensive 
dogs. Our results differ somewhat from those of Verney and Vogt, 5 who 
fed hypertensive dogs meat, salt, and urea, and produced slight changes 
in the s 3 r stolic blood pressure. Their dogs were rendered hypertensive 
by the method of Goldblatt, et al., 8 and the blood pressures were taken 
by the Van Leersum loop method. 11 In two dogs with bilateral renal 
ischemia the blood pressure rise was 24 mm. Hg and, in two of three 
dogs with a single ischemic kidney, 16 and 20 mm. Hg, respectively. 
The third dog of this last group failed to show any blood pressure 
change. In our experience, systolic blood pressure changes of this order 
occur spontaneously in both normal and hypertensive dogs. 

The observation of Maclachlan and Taylor® on a single dog which had 
been rendered hypertensive by a cast on one remaining kidney requires 
brief comment. These investigators failed to state what blood pressure 
method was used, but, assuming that they measured the mean arterial 
pressure by arterial puncture, the rise may be considered significant, 
particularly when the same order of response occurred twice, with a 
return to original levels each time. It would be interesting to know 
whether or not this experiment could be repeated on other dogs. The 
occasional hypertensive response to meat feeding in dogs which have 
been rendered hypertensive by the Goldblatt method may be caused by 
poor development of the capsular circulation after operation, and, con- 
versely, failure of response in the Goldblatt type of animal may be 
associated with an excellent capsular collateral circulation. Other in- 
direct evidence suggests the same thing. A previous study by Jolliffe 
and Smith, 12 later confirmed by Van Slvke, Rhoads, Hiller, and Alving, 13 
showed that dogs have a higher urea clearance on a high-protein diet 
than on a low-protein diet. The latter group of investigators added the 
observation that the urea clearance was found to vary in 'direct pro- 
portion to renal blood flow. It seems not unlikely that some dogs with 
renal artery clamps will develop a less adequate capsular collateral 
circulation than others, and hence relatively inadequate renal blood flow 
after a large protein meal. In such a ease, added degrees of hvperten 
sion may follow meat feedings. This suggests the advisability of further 
meat-feeding experiments on dogs which have been rendered hyperten 
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sive by placing a cast on one kidney and removing the other. In such an 
experiment, perirenal collateral circulation would not occur. 

It seems clear from the literature and our own observations that meat 
feeding will not bring about a blood pressure rise in normal dogs. The 
status of this question in respect to dogs with experimental hyperten- 
sion produced by reduced renal blood flow is not clear, but it may pos- 
sibly lie related to the degree of re-established capsular circulation. 


SUMMARY 

The administration of a high-protein diet (lean raw meat) to nor- 
mal and hypertensive dogs for a long or short period of time failed to 
produce a consistent rise or fall in systolic or diastolic blood pressure. 

The administration of urea, intravenously or by stomach tube, to nor- 
mal and hypertensive dogs likewise failed to produce any significant 
change in blood pressure. 

In one hypertensive dog there was a slight to moderate rise of sys- 
tolic and diastolic blood pressure after each of the four experimental 
procedures. 


The authors arc indebted to Dr. James It. Cash and Dr. Eugene M. Landis for 
their assistance in this stud}’. 
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CARDIAC COMPLICATIONS IN ACUTE 
GLOMERULONEPHRITIS 

Howard M. Odel* M.D., and William- S. Tinney.I M.D. 
Rochester, Minn. 

I NVOLVEMENT of the heart in acute glomerulonephritis has been 
recognized for many years, but until recently very little attention has 
been given to it. In 1879, Goodhart 1 reported five cases of scarlatinal 
dropsy.” Necropsy was done in four of these cases and dilatation of 
the right and life sides of the heart was found. In one case seveie 
anasarca was present. Goodhart was unable to find any evidence of 
valvular heart disease in these cases and concluded that the cardiac 
failure was caused by "sudden peripheral obstruction in the circulation 
and degenerative changes in the cardiac muscle. 5 ’ 

In 1881, Silbermann 2 reported five eases of acute nephritis in which 
there were hypertrophy and dilatation of the left ventricle. In one of 
these cases there was pulmonary edema. Steffen, 3 in 1882, reported a 
case of acute nephritis in which severe dyspnea and cyanosis were ob- 
served. In 1889, Hutinel 4 stressed the importance of considering the 
possibility of acute nephritis in every case of acute cardiac dilatation in 
which there is no other demonstrable evidence of cardiac disease. 
Nobecourt and Voisin, 5 -working in Hutinel ’s Clinic in 1909, collected 
data on twelve cases of acute nephritis in which dilatation of the heart 
was noted. They agreed with Hutinel that when no valvular lesion can 
be found, cardiac failure should be considered pathognomonic of acute 
nephritis. Nobecourt and Voisin expressed the belief that the hyper- 
trophy and dilatation of the left ventricle in these cases could not be 
ascribed to hypertension alone, but that the generalized infection was 
an important factor. 

In 1917, Franke® reported sixty-seven cases of acute nephritis in 
which roentgenograpliic examination of the heart had been made. In 
75 per cent of these cases there was cardiac enlargement which was be- 
lieved to be a combination of hypertrophy and dilatation. Volhard 7 ob- 
served evidence of myocardial insufficiency in the first few days of acute 
nephritis. Clinically, he reported strong heart action, accentuation of 
the second sound at the base, presystolic gallop rhythm, and, fairly fre- 
quently, a systolic murmur at the apex caused by relative myocardial 
insufficiency and stretching of the mitral ring. The apical impulse was 
heaving , and the area of cardiac dullness was increased. Volhard men- 

Received for publication Oct. 1, 1942. 
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i ionod the grave prognostic signifieanc 
or ;i 

At m 


' e of a «udden fall of blood pres- 
Ml,., or «.l.».lrrnl.lo mwlcralioi, of the pulse rale in nettle nephritis. 

l)ese cases, 
nephritis bv 


. , . i'uim; nuc m aeuie nephritis 

At necropsy lie observed dilatation of Ibe left ventricle in these cases. ’ 
In 4920, A 1 wens and Moog s studied four eases of acute nephritis bv 
means of serial orthodiagrams, and demonstrated cardiac enlargement 
during the acute infection, with return to normal size when the patients 
recovered. They expressed the belief that the enlargement was caused 


- — enlargement was caused 

ov acute dilatation and by hydropericardium. 

Christian and 0‘Haro," in 1 92b, concluded that any cardiac enlarge- 
ment. murmurs, or arrhythmia observed in a patient who had acute 
nephritis was coincidental, and in no way related to the nephritis. They 
maintained that, except in rare cases, the heart and circulation are un- 
changed in acute nephritis. 

In 19.1(1. Levy" 1 reported ten eases of acute nephritis in which there 
was cardiac involvement. He concluded that, in the absence of disease 
ot the valves or coronary arteries or any other demonstrable cardiac 
pathologic change, the sudden appearance of cardiac decompensation, 
with dilatation of the right side of the heart, pulmonary congestion, and 
an enlarged liver, should make one suspect that acute nephritis is pres- 
ent. Levy was of the opinion that edema in some of these eases of 
nephritis may be attributed, at least in part, to circulatory failure. 

Since then, there have been a number of interesting studies of the 
heart in acute glomerulonephritis. (Juthrie" observed that the left 
ventricle was hypertrophied in a third of thirty-four eases of acute 
nephritis. Muster, da fie. and Pack’ 5, 13 studied thirty cases of acute 
glomerulonephritis with particular reference to the electrocardiographic 
changes. They were able to show a direct correlation between the 
electrocardiographic changes and the clinical and laboratory evidence of 
cardiovascular involvement. They concluded that in acute nephritis 
there is involvement of the heart, probably as a part of a general vas- 
cular disturbance. In their eases the electrocardiographic changes fre- 
quently lasted longer than the symptoms. They noted changes in the 
T waves similar to those which occur in occlusion of the anterior de- 
scending branch of the left coronary artery. 

Langendorf and Pick 11 made serial electrocardiographic studies m 
twelve eases of acute glomerulonephritis. Among other changes, the) 
noted flattening or inversion of T, and inversion of T,. They distin- 
guished these abnormalities from those caused by infarction of the an 
terior wall of the left ventricle by the absence of cnanges in the S-T se D 
merit and Q wave, so frequently found in acute infarction of the nno 
cardium. The absence of an elevation of the S-T segment in the eai ) 
tracings in acute nephritis helped to obviate the confusion with alteia 

lions produced by acute pericarditis. 

In 71 per cent of the eases of acute nephritis reported by Whitehall, 
Longcope, and Williams 13 there was cardiac failure which was in manj 
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instances out of proportion to the severity of the nephritis. In a sub- 
sequent study, Williams' 6 was unable to establish any correlation le- 
tween the electrocardiographic changes and the signs of cardiac or rena 
insufficiency. 

By means of electrocardiographic and teleroentgenographic studies, 
Hayman and Martin 17 were able to find evidences of myocardial dam- 
age in half of their cases of acute nephritis. 

Feller and Hurevitz 18 reported two eases of acute nephritis accom- 
panied by cardiac failure which was predominantly left ventricular. 
They found that cardiac decompensation may occur early in the dis- 
ease, even before clinical evidence of renal damage. They were of the 
opinion that many of these patients have panarteriolitis, with involve- 
ment of the vessels of the myocardium. 

Rubin and Rapoport' ,J observed that the most frequent complication 
in acute hemorrhagic nephritis is cardiac, and that many patients who 
die in the acute attack die of cardiac failure. Of their series of fifty- 
five cases, severe myocardial damage was encountered in fourteen, in 
twelve of which there was definite cardiac decompensation. The clinical 
evidences of cardiac involvement and failure in these cases were dysp- 
nea, cardiac enlargement found by physical examination and in tele- 
roentgenograms, muffled heart tones, tachycardia, mitral systolic mur- 
murs, gallop rhythm, enlarged and tender liver, venous engorgement, 
pulmonary and peripheral edema, and electrocardiographic changes 
indicating some degree of myocardial damage. They expressed the 
belief that the two factors in the acute phase of nephritis which may 
affect the heart adversely are myocardial damage and hypertension. 
Although Rubin and Rapoport observed that cardiac damage was a 
definite danger to life in the acute phase of glomerulonephritis, in their 
opinion the ultimate cardiac prognosis is good. 


REPORT OP CASES 

We have reviewed data on one hundred thirty-six cases of acute 
glomerulonephritis at the Mayo Clinic with particular reference to the 
cardiac complications. In twenty-two cases (16 per cent) there were 
obvious cardiac manifestations of varying severity. In no case was 
there evidence of any other etiological factor, such as rheumatic, syph- 
ilitic, or coronary heart disease, previous hypertension, or hyperthy- 
roidism. In addition, in twelve cases (9 per cent) some cardiac in- 
volvement, probably related to the acute glomerulonephritis, was ob- 
served at necropsy, but these cases were not included because some, other 
factor, such as coronary sclerosis, low-grade hypertension, or hyper- 
thyroidism, was present. Fortunately, the mortality rate of acute 
glomerulonephritis is low, and, consequently, most of the cardiac man- 
ifestations will be those observed on clinical rather than post-mortem 
examination. The incidence of cardiac complications in the present 



242 


AMERICAN HEART JOURNAL 


senes of cases of acute glomerulonephritis is undoubtedly too low be 
cause not all of the patients were under observation from the onset of 
their illness. Several patients reported symptoms or signs of cardiac 
involvement that had occurred earlier in the course of their disease but 
since all evidences of cardiac involvement had disappeared prior to ex- 
amination at the clinic, these cases were not included in the present 
seiies. If serial electrocardiograms had been taken routinely in every 
case of acute glomerulonephritis, the percentage of eases in which there 
was evidence of involvement of the heart undoubtedly would have been 
increased. 

The following brief summaries of nine eases illustrate various cardiac 
complications in acute glomerulonephritis. 


Case 3.— A boy, 15 years of age, was admitted to the clinic March 9, 1939, acutely 
ill and stuporous. Infection of the upper part of the respiratory tract had begun 
February 25. On March 5, a severe headache had developed and the patient had 
noticed dark brown urine. On March 7, he had had chills and fever and had become 
mentally confused. The heart was normal to physical examination except for tachy- 
cardia and a soft, systolic murmur at the apex. The blood pressure was 360/65. 
Eoutine urinalysis showed gross blood, many granular casts, and albuminuria grade 
4 (on the basis of 1 to 4, in which 1 designates the mildest and 4 the most severe 
condition). The concentration of urea was 92 mg. per 100 c.c. of blood. A culture 
of the spinal fluid was positive for Type XII pneumococcus. The clinical diagnosis 
was pneumococcic meningitis, with acute glomerulonephritis, hypertension, and 
uremia. After sulfapyridine therapy the patient improved temporarily, and the 
culture of his spinal fluid became negative. However, on March 15, 1939, a relapse 
occurred, and he died March 29. At necropsy the heart weighed 205 grams, and 
there was pronounced dilatation of the left auricle and ventricle. The surface of 
both kidneys was covered with numerous red dots. Histologic examination of the 
kidneys revealed such extreme swelling of the endothelial cells of the glomeruli that 
the capillaries of the glomerular tufts were practically obliterated. Some of the 
tubules contained blood and necrotic cellular debris. 

Case 2. — The patient was a woman, 30 years of age. On Dec. 6, 1930, a “cold' 
and a discharge from the left ear developed. On December 24, she suddenly had 
an attack of dyspnea, followed by a similar attack the next day. Morphine and 
epinephrine did not give any relief. On December 27, she had a very severe attack 
of dyspnea, and died of severe pulmonary congestion several hours after hospitaliza- 
tion elsewhere. At necropsy the pericardial cavity was found to contain 150 c.c. of 
clear fluid. The heart weighed 250 grams. The left ventricle was greatly dilated, 
but there were no other gross cardiac abnormalities. The right pleural cavity con- 
tained 1,000 c.c. of fluid, and the left pleural cavity contained 1,500 c.c. The liver 
extended 8 cm. below the costal margin in the midclavicular line and was moderately 
congested. The kidneys were congested, and histologic examination revealed large, 
very cellular glomeruli containing many polymorphonuclear cells within their capil 
laries, but very few erythrocytes. The proximal convoluted tubules showed degenera 
tion, with some very pale nuclei and granular cytoplasm. There was severe conges 
tion of the small blood vessels in the medulla. 

Case 3. — A man, 21 years of age, was admitted to the clinic Aug. 18, 1939, suffer 
ing from severe peripheral edema. He had been well until August 8, when he began 
to notice shortness of breath on exertion. On August 13 a nonproductive cough an 
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nocturnal dyspnea had developed, but he was able to continue working. Three days 
later he was unable to wear lbs shoes because of peripheral edema. 

On physical examination, the patient weighed 275 pounds (124.7 kg.). The 
pharynx was injected and the tonsils were grossly infected. Severe dyspnea was 
noted and there was moderate edema of the ankles. Kales were heard at the bases 
of both lungs, and the heart was greatly enlarged to the left to percussion. There 
were no murmurs. The blood pressure was 160/98. Urinalysis showed albuminuria, 
grade 2 (on the basis of 1 to 4), gross blood, and granular casts. The concentration 
of hemoglobin was 10.8 dm. per 100 c.c. of blood (71 per cent) ; the erythrocytes 
numbered 3,770,000, and the leucocytes, 6,000, in each cubic millimeter of blood. The 
concentration of urea was 62 mg. per 100 c.c. of blood. Koentgenograpliic examina- 
tion of the chest revealed pronounced cardiac enlargement. The electrocardiogram 
showed a rate of 103, and slurred QRS, diphasic P waves, and inverted T waves in 
Lead III. 

The diagnosis was acute glomerulonephritis with cardiac decompensation. The 
patient responded satisfactorily to treatment and was dismissed from the hospital 
Sept. 7, 1939. He was seen again on Oct. 24, 1939, at which time the results of 
routine urinalysis were normal except for an occasional erythrocyte. His blood 
pressure was 124/84, and his pulse rate, 68; clinical examination of the heart did 
not reveal any evidence of organic disease. 

Case 4. — A girl, 3 years of age, was admitted to the clinic Aug. 7, 1939, with 
albuminuria, grade 2, hyaline and granular casts in the urine, and gross hematuria. 
Four weeks prior to admission she had had a head cold and a temperature of 100° 
to 104° F. for five days. Two weeks prior to admission she had impetigo, followed 
by a skin eruption on the trunk and face, with a temperature of 103° to 104° F. 
One week prior to admission gross hematuria was noted. 

Physical examination revealed enlargement of the heart to the left and a loud 
systolic murmur over the precordium which was transmitted to the axilla. The 
blood pressure was 100/40. The patient returned to the clinic in November, 1939, 
at which time the results of urinalysis were negative. The heart had decreased no- 
ticeably in size on physical examination, and the systolic murmur had decreased in 
intensity and was inconstant. 


Case 5. — A boy, 4 years of age, was admitted to the clinic March 23, 1940. He 
had a loud systolic murmur over the entire precordium. One month prior to ad- 
mission he had had an infection of the upper part of the respiratory tract. Three 
weeks prior to admission gross hematuria was noted. The hematuria lasted three 
days and disappeared. One week prior to admission the infection of the upper 
part of the respiratory tract recurred. Coincident with this, a loud systolic murmur 
appeared and became audible over the entire precordium. Gross hematuria again 
was noted. 


Physical examination revealed a pulse rate of 120. Albuminuria was graded 2, 
and the urine contained hyaline and granular casts and gross Wood. The concentra- 
tion of urea was 40 mg. per 100 c.c. of blood. Five days after admission the results 
of routine urinalysis were negative. The cardiac murmur completely disappeared 
and the cardiac rate decreased to 90 beats per minute. 


Case G.-A man, 55 years of age, registered at the clinic Jan. 25 1939 Two 
weeks prior to admission he had had influenza, and his temperature had been 103° F 
Eleven days prior to admission otitis media developed on the left side The ear' 
drum ruptured spontaneously and the ear drained freelv T won tv i, 
h ° i * a ° 
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Physical examination revealed a loud systolic murmur diffusely over the nve- 
eordium, but most intense at the aortic area. Albuminuria was graded 3 and 
gross blood was found in the urine. The concentration of urea was 26 mg. per 100 
c.c. of blood. The patient was seen again in November, 1939, when clinical exam- 
ination of his heart gave entirely negative results except for a slight accentuation 
of the aortic second sound. 


Case 7. A boy, II years of age, was admitted to the clinic April 21, 1939, j n a 
stuporous condition. He had been well until March 25 when lie developed an acute 
sore throat which lasted three days. Enlarged, tender, cervical lymph nodes per- 
sisted. On April 12 gross hematuria was noted. Twenty-four hours prior to ad- 
mission a severe headache developed and the patient became comatose. Physical 
examination revealed that the cardiac apex was 1.5 cm. to the left of the mid- 
clavicular line. The blood pressure was 160/110. Urinalysis revealed albuminuria, 
grade 4, granular easts, and gross blood. The concentration of urea was 52 mg. 
per 100 c.c. of blood. Roentgenographic examination of the thorax revealed slight 
cardiac enlargement and congestion of both hilar regions. When the patient was 
dismissed two weeks later, all signs of pulmonary congestion iiad disappeared, and 
the heart was found to be definitely smaller than at the previous examination. 

Case 8. — A boy, 17 years of age, was admitted to the clinic Jan. 22, 1939. He 
had been well until Dec. 20, 1938, when tonsillitis and a peritonsillar abscess de- 
veloped. On Jan. 7, 1939, the abscess opened spontaneously and he felt much bet- 
ter. On January 10 swelling of the face and headaches appeared. Twenty-four 
hours prior to admission severe headaches and generalized convulsions occurred. 

Physical examination revealed a loud systolic murmur at tire apex. The pul- 
monic second sound was much louder than the aortic second sound. Rales were heard 
at the bases of both lungs. The blood pressure was 130/90. The urinalysis re- 
vealed albuminuria, grade 4, hyaline and granular casts, and gross blood. The con- 
centration of urea was 26 mg. per 100 c.c. of blood. Five days after admission 
all signs of pulmonary congestion had disappeared completely. 

Case 9. — A girl, 10 years of age, was admitted to the clinic Jan. 13, 1939. lour 
weeks prior to admission she had had measles. Three weeks prior to admission .t 
discharge from both ears developed. Physical examination revealed an exlias} stole 
every fourth beat. Rales were heard at the bases of both lungs. Urinalysis re 
vealed albuminuria, grade 3, granular casts, and gross blood. Ihe concent ration 
of urea was 94 mg. per 100 c.c. of blood. Roentgenographic examination of the 
thorax revealed congestion at the right hilurn and right canfiophienic angle. A 
signs referable to involvement of the heart disappeared completely within two 
weeks after admission. 

COMMENT 

The primary cause of death in the first case ivas pneumototeic 
meningitis, but severe dilatation of the heart may have been an impor- 
tant contributory factor. The only explanation lor the death oi llu. s cc - 
ond patient was cardiac dilatation and anasarca. This case also i m> 
trates how acute and fulminating the cardiac complication m:i) he. n 
the third case, the symptoms that brought the patient to the clinic vck 
those of cardiac decompensation, and so predominant were the cau Iiic 
symptoms that it was not until routine urinalysis was done that acute 
glomerulonephritis was even suspected. The possibility that renal <on^ 
gestion might have been secondary to cardiac congestion in this case 
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was considered unlikely because of the absence of any cardiac lesion 
before or after the patient’s examination at the clinic. The hyperten- 
sion was transient and coincided with the onset of the acute illness. 
There was no antecedent history of rheumatic fever or valvular heart 
disease.' This case also emphasizes the importance of considering acute 
glomerulonephritis in every case of myocardial failure in which theie 
is no other demonstrable evidence of cardiac disease. In contrast to the 
second case, the third case illustrates how r rapidly the severe congestive 
failure may improve, leaving no residual sign of heart disease. 

Cases 4, 5, and 6 illustrate minor cardiac complications, such as mur- 
murs and slight dilatation, that disappear completely when the acute 
illness subsides. There were no signs of congestive failure in these 
three cases. In Cases 7, 8, and 9 there were also dilatation of the heart 
and murmurs that disappeared subsequently, but, in addition, the con- 
dition w r as complicated by mild pulmonary congestion. 

In this series of cases no direct correlation between the severity of the 
nephritis and the incidence or severity of the cardiac involvement could 
be found. Although in most cases there was some elevation of the sys- 
temic blood pressure, there was no significant relation between such 
transient hypertension and involvement, of the heart. 


SUMMARY 

Cardiac complications are fairly frequent in cases of acute glomerulo- 
nephritis, and patients ■who die during the acute phase may die from 
heart failure. Evidence of obvious cardiac involvement ivas observed in 
16 per cent of 136 cases. The cardiac complications varied from mur- 
murs, with or without, dilatation, to manifestations of pulmonary con- 
gestion or severe cardiac decompensation. In cases in which congestive 
heart failure is a complicating factor, the patient may die suddenly or 
may improve rapidly, leaving no demonstrable evidence of organic heart 
disease. The hearts of patients who die from cardiac decompensation 
ofen show great dilatation, with or without hypertrophy, but dilatation 
usually dominates the picture. Signs of cardiac involvement may ap- 
pear and disappear rapidly, and there is no apparent correlation be- 
tween the severity of the nephritis, the height of the blood pressure, and 
the incidence or severity of the cardiac complications. 
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THE PRESSOR ACTION OF PAREDRINE ; 

FURTHER OBSERVATIONS 

Arnold Iglauer, M.D., and William E. Molle, M.D. 
Cincinnati, Ohio 

S EVERAL studies have been made of the pressor action of paredrine 
(p-hydroxy-a-methyl-phenylethylamine hydrobromide) on normal 
human subjects. 1 - 5 The therapeutic effect of this compound on vaso- 
motor collapse of various kinds has also been investigated. 3 ’ c ’ 7 In 
certain types of lowered blood pressure, such as that during spinal 
anesthesia, the administration of 5 to 10 mg. of paredrine parenteially 
usually produces an adequate and prolonged blood pressure increase. 
However, in the shocklike state which may occur with severe infections, 
paredrine and the closely related compound, paredrinol (N-methyl 
paredrine), frequently fail to produce the anticipated pressor re- 
sponse. 3 - 8 The effect of paredrine on the cardiovascular systems of 
patients with infection, but no shock, has not been previously reported. 
In the present study, paredrine was administered to hospital patients 
with various infections, but with none of the manifestations of vaso- 
motor collapse. Cardiac irregularities were noted in some subjects 
after the injection of paredrine; since only one brief comment on the 
production of arrhythmia by paredrine 1 was found in the literature, 
electrocardiograms were made during many of the experiments. 


METHODS 


Paredrine* was administered twenty-one times to twenty patients who were on 
the wards of the Cincinnati General Hospital because of various infections; none 
showed any evidence of shock at the time the study was made. One of these 
patients, however, subsequently developed vasomotor collapse, and was given 
paredrine. 

Five additional patients were studied before and during fever produced by 
malarial inoculation or the injection of typhoid vaccine. To ascertain the con- 
stancy of response to paredrine in a given patient, the same dose was repeated 
in six patients whose clinical status remained unchanged; the intervals between 
injections ranged from one hour to seven days. Five of these subjects were free 
of acute infection, and were considered normal controls. None of the twenty- 
eight subjects showed any evidence of cardiovascular disease. 

Three-lead electrocardiograms were made with an amplifier type of electro- 
cardiograph on thirteen of the patients before, and at intervals after, the admin- 
istration of paredrine. 

All procedures were carried out at the bedside, with the patient recumbent 
Blood p ressure was measured at one- to two-minute intervals by the auscultatory 


From the Cardiac Laboratory and Department of Interm 1 tt • 

ot Cincinnati. College of Medicine. internal Medicine. University- 

Received for publication Oct. 7, 1942. 

Kline ''and 11 French Laboratories, S Philadeiphil“ PDlled through the courtesy of Smith, 


247 



Table I 


248 


AMERICAN HEART JOURNAL 


P 

<1 

w 

P ' 



r W 
«2 
C 


1 ° U 

H 
CO 

w 

Pi 
O 


co 

£ 

O 

HH 

B 

O 

H 

fc 

M 

P 

W 

b 

< 

w 

p 

w 

Ph 

P 
K 
> 
*— • 
W 
O 
W 

Ph 

o 

w 


CO 
B 
& 
H 
>— « 

§ 

Ph 

p 

o 

w 

►H 

Pi 

P 

W 

Pi 

< 

Ph 

o 

B 

W 

CO 

£ 

o 

p 

CO 

W 

PH 


W 

Pi 

o 

£ 


CM 
lO 


o 

CM CC 


CM CO 
CQ 


VO co 
CM ^ 


O CM 
CO co 


io co 

CO Tjl 


+ + 
O LO 

CO co 


p w 
« 

p z'— N 

M g 

p * 

<1 wh* 


£ w 


CO 

o 

£ 

o 

< 


W . 

w ^ 
. CO 
P H 
^ W 

H £h 

S O 


P 


O 



CO CP 
CO co 


-* CM O CO 
cn a <mh 


O CM O O 
QCC co co 


ft ft 


-* CO 
CO I> 


CO o 

CM <M 


CO 

CO co 


co CM 

rH tH 
T— ! tH 


W 
CO O 

o 

p . 


2 p 


w h 
C P 
^ >* 


X 

w 

CO 


p 

o 


CD 

Ph 

CQ 

P 

O 

r— ' 

P 

o 

J-l 

<D 

JP 

P 


CQ 

CD 


P 

ft 


a> 

P 

<D 

o 


W> 

p 

P 

cd 

s 

o 


tc 


CQ 

p 

o 

> 

u 

a> 

P 

"5 

u 

p 

o 

o 

«H 

o 


ft 

CQ 


P 

a) 

o 


c 5 

> 

P 

o 

a 


ft ft 
ft ft 


CO ft 


co ft 
00 co 
ft ft 


o o 

r-i rH 


CO co 
L- t J 
ft ft 


CO CO CO CO 


CO co 
ft ft 


CO co 
Ci ft 


o 

o 

CQ 

a> 

> 

P 

o 

o 


to o 
co co’ 


OO COCO oo 


e 


o 

ft 


CO 

T* 


o 

cc 


b- 

C0 


ft 

CM 


LO 

CM 


t>- 

CO 


ft 

H< 


ft 

CM 


«H 
r 5 



CM CM £2 Cl 


o co ft CO ft 





IGLAUER AND MOLLE : 


PRESSOR ACTION OF PAREDRINE 


249 


method; a standard 13 cm. arm cuff was used. Paredrine was given intravenously 
in a dose of approximately 1 mg. per 7 kg. after the pulse rate and blood pressure 
reached a constant, low level. The intravenous administration of paredrine to 
normal subjects in approximately the dosage used in the present study has been 
previously reported to produce a rise in systolic blood pressure varying from 28 
to 98 mm.; diastolic blood pressure increases varying from 10 to 56 mm. were 
noted, and the blood pressure was found to return to the initial level in from 2 
to 70 minutes. 2 - 4 


In the construction of the tables, the maximal systolic and diastolic pressures 
which were attained were used in computing the response, although m many ex- 
periments the two pressures did not reach peak levels simultaneously. The results 
obtained in several of the experiments have been included in more than one table. 


OBSERVATIONS 


The intravenous injection of paredrine usually produced no symp- 
toms. A few patients noted palpitation, usually in association with a 
clinically discernible arrhythmia. Many of the patients observed 
forceful heart action, and several noted rather disagreeable throbbing 
in the temporal region. Several patients complained of dyspnea of 
three to four minutes’ duration, although there was no consistent 
change in the depth or rate of respiration. The highest blood pressure 
level occurred one to four minutes after injection of the drug, and the 
cardiac rate was definitely decreased in all but one of the patients who 
showed a good pressor response. 

Repeated Injections . — The blood pressure response to the intravenous 
injection of a given dose of paredrine was fairly constant (Table I). 
The maximum difference in systolic pressures was noted in Case 2; the 
increase was 96 mm. of mercury after the first injection of 10 mg., as 
compared with 122 mm. after the second injection of the same amount. 
The diastolic pressure increase was more variable than the systolic in- 
crease, perhaps because difficulty was frequently experienced in ascer- 
taining the exact point of change of the arterial sounds. The duration 
of the pressor response in the same patient was somewhat variable. 


In the five subjects (Cases 2 to 6) who were used as controls, the 
greatest increase in systolic pressure was 122 mm., and the least in- 
crease, 48 mm. The increase in diastolic pressure varied from 16 to 
48 mm. The increase in blood pressure persisted from 25 to 65 minutes. 

Infections. The nine patients with miscellaneous infections and no 
signs of shock showed increases in systolic and diastolic blood pressure 
and a duration of change which did not differ significantly from the 
normal range (Table II). The systolic pressure increase varied from 
34 to 74 mm., the diastolic increase, from 9 to 38 mm., and the duration 
of the rise, from 24 to 45 minutes. Patients 7, 8, and 10 were receiving 
drugs of the sulfonamide group at the time the tests were made 
Elcve,, ° the patients had tnbercnlons infections; they received some: 
," t h ' shOT doses of paredrine per kilogram of body vvei.ht than the 
other pat.ents (Table III). In five of the tubercnLs Clients tte 
dotation of blood pressure change was twenty minutes or less (Cases 
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16 17 19 20 22). In three of the five, the increase in systolic pres- 
sure was less than 30 mm. (Cases 17, 19, 22). The initial heart rate m 
all five patients was more than 100 beats per minute, and these were 
the only cases in which the pulse rate increased aftei injection o 
paredrine. In three of the remaining tuberculous patients, the systolic 
blood pressure increase was less than the smallest increase observed in 
the control series, i.e., 48 mm. (Cases 1, 21, 25). Three of the tubei- 
culous patients showed a marked pressor response to the intravenous 
injection of paredrine (Cases 18, 23, 24). 

Fever . — In two of the patients with fever produced by typhoid vac- 
cine (Cases 9, 10, Table IV), the injection of paredrine produced a 
smaller rise in systolic pressure than during an afehrile period. The 
duration of the blood pressure elevation was shorter in both of these 
patients during fever. In a third patient (Case 26) the response was 
less after a chill than in the control period, but a higher initial pressure 
made the change somewhat difficult to interpret. In Case 27, the re- 
sponse of the blood pressure to the injection of paredrine was less in the 
febrile period after a malarial chill than it had been before inoculation 
with malaria, but did not differ strikingly from the response on the sub- 
sequent day, after the temperature had returned to normal. In one 
patient (Case 12), paredrine produced a greater rise in blood pressure 
during fever produced by typhoid vaccine than in the pretreatment trial. 

'Electrocardiographic Observations . — Increase in the height of the T 
wave in one or more leads was observed in eleven patients (Cases 1, 2, 3, 
4, 5, 6, 15, 21, 23, 24, 27). Only three of the thirteen patients whose 
electrocardiograms were studied failed to show a change in P waves 
or P-R interval (Cases 3, 22, 27). In two of these a good pressor re- 


sponse to paredrine occurred (Cases 3, 27), but the blood pressure 
increase in Case 22 was small. In two patients (Cases 1 and 6, Pig. 1), 
the site of impulse formation changed so frequently that a diagnosis 
of wandering pacemaker seemed justified, although the ventricular 


rhythm remained fairly regular in one (Case 6). In one subject (Case 
4, Fig. 2), the injection of paredrine was followed by a gross irregu- 
larity, with impulse formation shifting between the auricle, A-V node, 
and ventricle. In three patients (Cases 21, 23, and 28), inversion of 
the P waves in one or more leads, with shortening of the P-R interval 
to 0.12 second or less, was noted (Fig. 3). These patients were thought 
to have auriculoventricular nodal rhythm. In three of the remaining 
patients, a change in the duration of the P-R interval (Case 2), or less 
change in both P-R interval and P wave (Cases 5 and 24), was noted. 
It was felt that these changes were probably due to ectopic impulse 
formation. The maximum duration of the arrhythmia in any of the 
a mve cases was thirty-five minutes. T-wave changes usually persisted 
• until blood pressure and pulse rate returned to the control level 

In Case 15 (Fig. 4) there appeared to be a spontaneous variation in 
the form of the P wave On AnriT 19 ,• , 'dilation in 

Un A P r]I 12 > th e patient’s control electro- 
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25 $ 


AMERICAN HEART JOURNAL 




igiauer and molle: 


pressor action OF PAREDRINE 



M O 


• • LO 

CU p; ffO 

^ c5 , 
o _ d 


c. -*-> c-i 

g 5 £ 

t_4 2? CJ ci-j 

Sri. 5 ", $? 
m £ C ,2 5 "3 
!£ 

ri -*-* -*-' ri o 
o ri ^ s ri 

P 3 - "t "S t> s ’ 
ri^T 5 «h02 2 

® «H .S oCE 

ri°“ri 2 

^ |P53 2 « 2 

_ .5 ^ ps 

Ph c . » 2 

© o £ > . 

o r? OT ° CJ 

C!^N *3 ^ 

o m r-t ,ri 


jo®' 

S r 1 Pi *2 

W O o».t 

rg g^.S 

2 g ° o 
••£ e>-^ 
w _ n r* 

w -2 s c 
K •« S 

“ S'-S-S 

^ ci P< o 
o2 SPh 
PI- B 

.2^0 g 

Oew © £ 

^2 o h ^ . 


0} 

P5 

G> 


n3 

ci 

<u 

CJ 

s ^ 
2 % 


© q o 


fcC 


h -*2 

o 


lo IKST 

*-l 


{2 O 
c5 co 


« 2 X PJ 
»P CO cj •- * 

« M-lr-1 


PM 


'fcJD rt 


to o 


O O O 
is CJ 'H 


t g2&- 1 . 5 

ri 2 2 

o H u ^ 
’?n o Sc ® 
£ P'H 
o . 

> p _s- r3 

S £ ■3.S 

•"■H§S 
3 .g 

pH CJ m 
rj CJ O 

g X •+■> 
*- is © 

«* S 


pH ” 


CU 

! S 

• o 

O 


g<£ 
22 

22&- 
<H fcX3 

Hp? c52 js 

5 ■ o pj 
PM w - cfl *g 
o <u £ 

Sd ca > 

ri « rH . g m 
ri Ph o ? t-i 

5 




x£ 

cn O 


P-. c/j 
S S3 
CJ *H 


M .2; 

Sa 

q o 


>> g 

cn o 


^ P< 


q 3 

CJ «H 


Ph Ph eh Pm 


? P- 

s cj 


o q 
cj o 

<H > 

O 

.2§ 

2*3 p 

Oh.*‘ ^ 

m 


CJ 




« -*3 

5 P 

6 




260 


AMERICAN HEART JOURNAL 


identical with those on April 12 after the administration of paredrine 
A few minutes after the injection of 6 rag. of pareclrine, the P waves 
again appeared low, as they had in the first electrocardiogram, sixteen 
days before. Atropine (Moo grain) was given intravenously while the 
blood pressure remained elevated, and, after about one minute, the P 
waves returned to the high form. The P-R. interval remained at 0.12 
second throughout both these experiments. An electrocardiogram 
three' days later showed high P waves, with a P-R interval of 0.14 
second. 


DISCUSSION 

The present study confirms previous observations that the injection 
of paredrine usually produces no discomfort. The moderate respiratory 
distress, which occurred in some of our patients has not been noted pre- 
viously. The constant response of normal subjects to the same amount 
of the drug is at variance with the observations of Kunkel, Stead, and 
Weiss; 8 these authors found that the pressor response after the intra- 
muscular injection of paredrinol was quite variable in the same sub- 
ject. The increase in blood pressure in the control group and in the 
majority of the ill patients agreed fairly well with the results of pre- 
vious investigations of the effect of the intravenous injection of 
paredrine. 2 ’ 4 

The adequate and prolonged pressor response to the injection of 
paredrine in the course of acute infections indicates that a decreased 
response to paredrine in medical shock is not dependent on the pres- 
ence of infection alone. This is borne out by observations made in 
Case 11. This patient showed a marked pressor response to the intra- 
venous injection of paredrine when her blood pressure was normal. 
Seventeen days later, when her blood pressure had dropped to 50/20 
and signs of shock were present, the intravenous injection of 20 mg. of 
paredrine produced a brief elevation of blood pressure to 110/60, but 
subsequent, large doses had little effect. Kunkel, et al., 8 observed a 
similar “tachyphylactic” response to paredrinol in medical shock, the 
present study failed to suggest a reason for the diminished response to 
paredrine in shocklilce states associated with severe infections, noi ( u 
it help to explain the mechanism of the vasomotor collapse. 

The relatively small pressor response to the injection of pamhine m 
some of the tuberculous patients was quite clear-cut. In geneial, t ic 
least response was observed in the most emaciated and ill patients, m 
did not depend on the degree of temperature elevation at the time o 
the test. It is interesting that the coexistence of puhnonaiy tu >ei 
culosis and hypertension is said to be uncommon.” The reason fm t ic 
small response to paredrine in this group of patients is not e ' K cn ‘ 
The absence of cardiac slowing was interpreted as a result of 1 ie ai 

ure of hypertension to develop. _ , 

Fever did not influence the pressor activity of paredrine in any o . 
the experiments designed to test its effect, and several of the subjec s 
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with acute infections and high fever showed a good response to paied- 
rine. The decrease in response to paredrine during fever m several 
of the subjects was probably due to the vasodilatation usually asso- 
ciated with febrile states. Chasis, et al., 10 observed that the injection 
of pyrogenic materials produces a fall in the blood pressure of hyper- 
tensive subjects, and Ctoldblatt, et al., 11 believe that a favorable re- 
sponse to depressor substances in hypertension may be related to the 


appearance of fever. 

Abnormal rhythms after the intravenous injection of paredrine in 
man were not noted by Loman, et al., 2 or by Iglauer and Altschule; 
neither group made electrocardiographic studies. An increase in 
height of T- waves without change in rhythm has been noted previously 
in normal subjects after the oral administration of paredrine. 1 " 

Abbott and Henry 1 reported “extra-systoles and coupling of the 
beats” after the oral and intramuscular administration of paredrine, 
hut did not discuss electrocardiographic observations. American ob- 
servers have likewise failed to comment on arrhythmia after the ad- 
ministration of paredrinol. European authors, however, have reported 
changes in rhythm after the injection of paredrinol (veritol); these 
included nodal rhythm, extrasystoles, parasystole, interference dis- 
sociation, and complete A-V dissociation. 13 ' 14 

Keys and Violante, in a recent article, 15 report complete A-V dis- 
sociation and changes in P waves in human subjects after the injection 
of neosynephrin, a substance whose mode of action appears to be simi- 
lar to that of paredrine. The same authors reproduce an electrocardio- 
gram showing inversion of the P wave and shortening of the P-R inter- 
val after the injection of 10 mg. of synephrin tartrate subcutaneously. 16 
These changes resemble those interpreted in the present study as in- 
dicating A-V nodal rhythm. Adrenalin has also been found to produce 
ventricular premature contractions and changes in the P wave and P-R 
interval in man. 17 


The production of arrhythmia by paredrine may be related to the 
occurrence of hypertension rather than to a direct effect on the heart, 
for it seems to occur only when hypertension is produced. Vagal de- 
pressor reflexes, mediated through the carotid sinus or aortic de- 
pressor mechanisms, probably cause the cardiac slowing which occurs 
during hypertension produced by paredrine, for the decrease in rate 
may be prevented or abolished by atropine 4 (Case 15). The electro- 
cardiographic changes which are observed in most of the patients, i.e., 
nodal rhythm, wandering pacemaker, and slow rate, are thought to be 
due to vagal stimulation. 18 Arrhythmias which occur after the intra- 
venous administration of paredrine have been found to disappear within 

•™slv- ee T 1 1UUteS ***** th V njeCti ° n ° f °’ 65 of atropine intra- 
•V . The occurrence of transient arrhythmias after the intra 

venous injection of paredrine need not be considered a contraindication 
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SUMMARY AND CONCLUSION 

1. The effect o£ the intravenous injection of paredrine on the cordio 
vascular system has been studied in twenty-eight subjects; these in. 
c vi d eel patients with infections, patients with fever produced for 
therapeutic purposes, and a control group. 

2. Intravenous doses of 6 to 10 mg. did not cause severe discomfort 
or untoward reaction. 

3. In nine patients with infections other than tuberculosis, paredrine 
produced a marked pressor response. Three of the eleven tuberculous 
patients showed a much smaller pressor response, and five other pa- 
tients of this group had only a moderate or shortened pressor response 
to paredrine. 

4. Four patients were studied before and during fever produced by 

the injection of typhoid vaccine ; three showed a smaller response dur- 
ing fever. In one patient with malaria the pressor response was mod- 
erately diminished during a febrile period. / 

5. Changes in cardiac rhythm appeared frequently. The electro- 
cardiogram showed wandering of the pacemaker in three subjects. 
Ectopic rhythms, probably originating in the auriculoventricular node, 
were observed in seven subjects. The arrhythmias were attributed to 
reflex vagal stimulation. 

6. The cause of the relatively slight pressor response to paredrine in 
some of the patients of the present series is not apparent. 
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THE ELECTROCARDIOGRAPHIC MANIFESTATIONS OF 
EARLY ACUTE COR PULMONALE 
Charles H. Sciieifley,* M.D., and Thomas J. Dry,! M.B. 
Rochester, Minn. 

T HE electrocardiographic changes associated with pulmonary em- 
bolism represent, in the main, the effects of suddenly produced, acute, 
right ventricular strain. These changes conform to well-established 
trends of electrocardiographic behavior. Thus, a prominent S wave in 
Lead I, an R wave in Lead III (expressing, in reality, right axis devia- 
tion), an inverted T wave and a deep Q wave in Lead III, a small or 
isoelectric T wave in Lead II (rarely inverted), arising from an S-T 
segment that has an isoelectric or depressed S-T junction, and inver- 
sion of the T waves in precordial leads taken at the C 2 position and at 
times in precordial leads obtained from position IV, have become well- 
recognized criteria of pulmonary embolism. "When the T waves ob- 
tained in the C 2 position are negative, and, at the same time, the T 
waves obtained at position IV are positive, the evidence is specific for 
acute right ventricular strain, usually due to pulmonary embolism. 11 
should be emphasized, however, that the electrocardiographic diagnosis 
of pulmonary embolism should depend on the pattern of changes ob- 
served in all the leads, rather than isolated electrocardiographic changes. 

A noteworthy feature of the electrocardiographic changes associated 
with pulmonary embolism is their temporary nature. This would be 
accounted for most satisfactorily if it could be proved that an embolus 
in a pulmonary artery leads to transitory vasospastic phenomena 
throughout the pulmonary arterial tree, and there is some reason to be- 
lieve that this is what occurs. 1 ’ 2 It is to be expected, therefore, that the 
most marked electrocardiographic changes will be present shortly aflei 
the occurrence of embolism, and that a gradual trend toward normal 
will follow if the patient survives the attack. 

One of the early changes which has not been stressed in all reports 
(although reproductions of some electrocardiograms 3 ’ 4 show it) is a 
marked widening and slurring of the S wave in Lead I or Leads I and 
II which closelj’ resemble the type of bundle branch block that L 
reputedly due to a conduction disturbance in the right bundle branch. 

Received for publication March 17, 19-12. 
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I„ one of Pick's cases the curve was of this type.* In this ease an 
electrocardiogram was made immediately after the occurrence of pul- 

"Zfhennot? Durant, Ginsberg, and Koesler* reported three cases of 
pulmonary embolism in which electrocardiograms made soon after the 
onset of symptoms showed delayed intraventricular conduction of the 
right bundle branch type, with a broad, shallow S wave m Leads I anc 
II and marked depression of the S-T segments in these leads Within 
five to twelve hours after the onset of the pulmonary embolism, the 
bundle branch block had disappeared, leaving depressed S-T segments 
and a “staircase” type of ascent to the T wave. 

We wish to report a case which illustrates the early electrocardio- 
graphic manifestations of pulmonary embolism unusually well. In this 
case wc were fortunate enough to obtain a record immediately after 
an attack of pulmonary embolism which proved fatal shortly afterward. 



REPORT OF CASE 

The patient was an obese woman, 04 years old. Two months before admission she 
had been awakened by a fluttering sensation around her heart. In the lisrht of 
subsequent observations this probably indicated the onset of auricular fibrillation 
She also had begun to notice a considerable degree of weakness. Digitalis had Iren 
prescribed by her family physician, but the response was not very satisfactorv 
On admission, she had symptoms of mild congestive heart failure Tl n’’i 

200/1, °- **« «» *** deg™, tT'JS 
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were fibrillatiiig and the ventricular rate was 164 beats per minute. Hyperthyroidism 
was suspected because of the rapid ventricular rate, muscular weakness, moderate in- 
tolerance of heat, and a small adenoma of the left lobe of the thyroid gland. She 
had, in addition, an afternoon temperature of about 100° If. (37.7° C.). Under these 
circumstances accurate measurement of the basal metabolic rate was impossible, and 
definite exclusion of hyperthyroidism was therefore difficult. 

We were unable to ascertain from the patient’s history how much digitalis she had 
taken prior to admission, but the electrocardiogram revealed marked changes in the 
S-T segment of the type which is common after digitalization of a patient with a 
condition producing strain of the left ventricle (Fig- 1A). 

The patient was hospitalized for further observation and treatment. On the fourth 
day, pain developed, pleuritic in character, in the left side of the thorax. This was 
followed three days later by the eougliing up of bloody sputum, so that it was 
quite apparent that she had pulmonary embolism. Her condition was improving satis- 
factorily until two weeks later, when she suddenly became weak and complained of 
pressure over her chest. She was gasping for breath and showed signs of shock. An 
electrocardiogram was made immediately. She died about ten minutes later. 

This electrocardiogram (Fig. IB) showed marked changes as compared with the 
former one. The changes consisted essentially of a widening of the QRS complexes. 
It is to be noted that this was caused by a markedly slurred and widened S wave. 
At necropsy the heart was found to be enlarged, and weighed 580 grams. A moderate 
degree of sclerosis existed throughout the coronary tree, although it was more marked 
in the descending branch of the left coronary artery. There was no cardiac infarc- 
tion. Fresh emboli were present in both pulmonary arteries, and there were old 
infarcts in the left lung, with overlying pleuritis. There was extensive thrombus 
formation in the femoral and iliac veins. The nodule in the left lobe of the thyroid 
gland was found, on microscopic examination, to be merely a fetal adenoma. 


COMMENT 

If it can be said that there is a type of person who might be expected 
to have pulmonary embolism, this patient conformed to that type. She 
was obese, and a factor favoring venous stasis and the formation of 
thrombi, namely, congestive heart failure, was present. The frequency 
with which one attack of pulmonary embolism is likely to be followed 
bv another is also well illustrated in this case. 

The extensive thrombus formation in the femoral and iliac veins is 
worthy of note. Very frequently it is assumed that the source of pul- 
monary emboli among patients whose auricles are fibrillating is the right 
auricle. Although this must be true in some cases, it is more than likely 
that in most instances the emboli originate in the peripheral venous 
system. 

The electrocardiogram which was made within five minutes of the oc- 
currence of the pulmonary embolism showed an abnormality of the QRS 
complex of the type which has been observed after experimental pul- 
monary embolism* and also after experimental section of the right 
bundle branch . 7 It is possible that digitalis may have contributed to 
these changes. 

This record further resembles the type of ventricular conduction dis- 
turbance which has been designated as the “wide S-wave pattern,” and 
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is believed to represent right bundle branch block . 8 This is most com- 
monly associated with coronary sclerosis, and is a permanent rather tl « 


a transitory state. 

Considerable evidence 0 ' 11 is available to show that among patients who 
have a wide S-wave pattern there is an asynchronism between the beats 
of the two ventricles, and the left contracts before the right. In the 
presence of pulmonary embolism the right ventricle is suddenly sub- 
jected to a tremendously increased load (acute right ventricular strain), 
apparently caused in part by reflex spasm of the entire pulmonaiy 
arterial lied . 2 - 12 - 13 Among patients who survive, the right ventricle 
rapidly dilates and is at first unable to cope efficiently with this re- 
sistance. Asynchronism of the two ventricles can readily be accounted 
for by such a disturbance. It is at this stage that the electrocardio- 
graphic picture of delayed intraventricular conduction, resembling one 
type of right bundle branch block, is seen. 

The possibility that a reflex constriction occurs in the coronary arterial 
tree also has been postulated to explain the electrocardiographic charac- 
teristics of pulmonary embolism. This concept has received considerable 
support from the results of experiments which have revealed the presence 
of sensitive vasoreceptors in and around the pleura , 14 bronchi , 15 and 
pulmonary arteries , 16 ’ 17 the stimulation of which produced widespread 
reflex changes, some of which suggested coronary constriction. De Takats 
and his co-workers 18 obtained electrocardiograms from dogs after the 
production of experimental pulmonary embolism, and they were of the 
type which indicates interference with the coronary circulation. Clinical 
evidence, aside from electrocardiographic phenomena, that pulmonary 
embolism may produce coronary artery spasm is derived mainly from 
reports of cases in which only small portions of the lung were infarcted, 
but in which the outcome nevertheless was fatal. 


Friedberg and Horn 19 reported that twelve instances of myocardial 
infarction without coronary occlusion were found in cases of pulmonary 
embolism in which the outcome was fatal. This would constitute certain 
evidence in favor of the theory of reflex production of coronary artery 
spasm, were it not for the fact that four of their patients had angina, 
four had hypertension, and three had symptoms of congestive heart 
failure, in all of which cardiac infarction may occur without demon- 
strable coronary artery occlusion. 


fcUALALAlt* 


A case is presented which demonstrates the early electrocardiographic 
manifestations of acute cor pulmonale. The characteristic abnormality 
at this stage is a wide, slurred S wave, especially i n Lead I. This widen 
mg of the S wave tends to recede after a few hours, and the electro- 
cai diographic pattern then becomes the same as that previously described 
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as typical of pulmonary embolism. The physiologic basis for these 
changes is discussed. 
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coronary thrombosis and myocardial infarction 

IN YOUTH 

Report of a Case, With Autopsy, in a 19-Year-Old Male 

L. Zacks, Captain, R.C.A.M.C. 

Montreal, Can. 

qINCE the classical clinical descriptions of coronary thrombosis by 
O Obratzow and Strascheko, 1 in 1910, and by Herrick, 2 in 1912, the 
clinical diagnosis of this disease has been made with increasing fre- 
quency and accuracy. Although coronary thrombosis is ordinarily re- 
garded as a disease of late middle life (45 to 60 years), recent reports 
have shown that it occurs occasionally in persons under 20 years of age. 

A review of the literature disclosed eight cases 33 ' 3 * of coronary throm- 
bosis between the ages of 10 and 20 years. In six of these the diagnosis 
was confirmed by autopsy, and in two cases 3b the diagnosis rested upon 
clinical evidence alone. Review of the literature also revealed five 
cases 43 ' 1 ' of medial coronary .sclerosis in infants from birth to 27 months, 
in which evidence of myocardial damage (presumably infarction) was 
present. 

It is of interest that, during the past decade, the literature contains 
an ever increasing number of references to the incidence of coronary 
thrombosis among persons between 25 and 40 years of age. 53 * 1 ' Whether 
t his apparent increase in incidence is real or dependent upon our 
changing mode of life, or whether it is due to improved clinical acumen 
and lack of hesitancy upon the part of the clinician to make the diag- 
nosis in youth is beyond the scope of the present report. 

Although the case to be reported offered no problem in clinical diag- 
nosis (because of the classical history and characteristic manifestations), 
yet because of the patient’s age and the opportunity to corroborate the 
diagnosis post mortem, this case is added to the group of eight patients 
from 10 to 20 years of age who have been reported. 


CASE REPORT 


History. D. B., a 19-vear-old Jewish boy, was admitted to the Jewish General 
Hospital for the first time on April IS, 1941, to the medical service of Dr. H. N. 
Segall, with a history of precordial pain upon exertion, of one year’s duration. 
This pain was accompanied by a feeling of oppression, and radiated to the epi- 
gastrium, left shoulder, and down the left arm, and was relieved by one to two 
hours’ rest. These attacks would come on at work or upon hurried walking Upon 
more de tailed questioning he admitted that these symptoms first commenced in the 
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autumn, of 1937. At that time, however, they were infrequent, and of such a mild 
transitory nature that he dismissed them as being inconsequential. In the preceding 
year the pains had increased both in frequency and severity, and, upon one occa- 
sion, he sought the advice of his family physician, who suggested a thorough 
checkup. The patient disregarded this advice. 

On the morning of admission, while at work, lie experienced a sensation of dizzi- 
ness and decided to go home. As he mounted the streetcar, he was suddenly seized 
with severe precordial oppressive pain, which radiated to the left shoulder and arm 
and was not relieved by rest as it had been in the past. He left the streetcar and 
could not continue homeward. He sat down on a doorstep, called a cab, and pre- 
sented himself at the hospital for admission. 

The patient worked as a shipper, and did moderately heavy manual labor. He 
had smoked about twenty-five cigarettes a day until three months before, at which 
time he cut his consumption to five or ten cigarettes a day. His past history re- 
vealed only occasional, postprandial, right upper quadrant distress after the inges- 
tion of fatty or fried foods, occasional headaches and dizziness, and infrequent, pains 
in the knee joints. 

His mother had hypertension, with a blood pressure of 170/100, and electro- 
cardiographic evidence of myocardial disease. There was no other family history of 
cardiovascular disease. 

Physical Examination. — The patient was a healthy looking, well-developed, and 
well-nourished white boy who was in some distress as lie lay in the dorsal recumbent 
position. 

The heart was not enlarged to percussion. There was a loud systolic murmur 
at the apex. The pulmonic second sound was louder than the aortic second sound. 
The blood pressure was 142/86. There was a questionable respiratory lag of the 
right side of the chest, with many fine, moist rfiles over the lower half of the right 
side and a few at the left base. The rest of the examination was negative. 

Laboratory and Special Clinical Examination. — Urinalysis, negative. Erythrocyte 
count, 5,150,0 00; hemoglobin, 102 per cent; leucocyte count, 14,000; differential 
count: polymorphonuclear leucocytes, 78 per cent, lymphocytes, 17 per cent, mono- 
cytes, 3 per cent, eosinopliiles, 2 per cent. 

The electrocardiogram was remarkably abnormal; it showed slurred QRS complexes 
in all leads, and depressed S-T segments in Leads I, II, and III, suggesting recent 
myocardial infarction. 

A roentgenogram of the chest showed pulmonary congestion. 

Progress. — His course in the hospital was brief. Morphine afforded slight relief 
from pain, and the patient slept comfortably from midnight to 5:30 A.M., when 
his condition became very poor. He had an ashen color, was deeply cyanosed. 
sweated profusely, and had a thready pulse of 120 per minute. His breathing was 
labored, and he coughed up pink-stained, foamy sputum. The chest was full o 
rales, the heart sounds were distant, and his blood pressure had fallen to 108/ 
Because of this fall in blood pressure, no phlebotomy was performed. He was 
placed in an oxygen tent and given pantopon. He continued to grov worse, ant 
died one hour later, approximately twenty hours after admission. 

The clinical diagnoses were coronary occlusion, myocardial infaiction, and acu 

pulmonary edema. , 

Autopsy (performed by Dr. M. A. Simon, nine hours after death).— The body 
was that of a well-developed and well-nourished white man. There was mar e 
cyanosis of the mucous membranes and nail beds, and frothy, bloody fluid exu 
from the mouth. 

The heart weighed 390 grams, but was of the usual shape. The epicar 
was everywhere thin, smooth, and transparent. Over the anterior and lateral aspec s 
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of the apical portion of the left ventricle 

jected. The myocardium at this point was somewhat more Wf 
tlnn elsewhere. The auriculoventricular sulcus was not oblitera . 

IrriaT™™ straight and pliable t. palpation. The left ci,eu»fl« “ fl 

in the obtuse margin o( the left eentriele, but the right coronary artery cross 
the midline posteriorly to supply the posterior aspect of the left ventricle. Upon 
section, all chambers were of the usual size and shape. The endocardium « lrou ^ u 
was smooth and glistening, and no mural thrombi were seen. All of the valves 
showed thin, delicate, and translucent leaflets in which no anomalies or evidence of 


gross pathologic change was present. 

Section through the lateral aspect of the left ventricle showed a somewhat granu- 
lar mottled yellow and red myocardium that was flabby in consistency. On anterior 
section through the left ventricle, parallel to the interventricular septum, the myo- 
cardium showed the same mottled appearance, but, in addition, a few gray, fibrous 
streaks could be seen in the muscle of the interventricular septum. 

Tho left coronary orifice was of the usual size and shape, but, upon looking into it 
from the aorta, the lumen was found to be filled with a loosely adherent, grayisli- 
red blood clot. This recent thrombus completely occluded the common left coronary 
trunk, and extended into the left circumflex branch for a distance of 5 mm. Beyond 
the point of occlusion in the left circumflex branch the coronary wall was thin and 
pliable and the intimal surface was smooth and glistening. 

Transverse sections through the left descending ramus showed that the lumen was 
completely occluded for a distance of 15 mm. beyond its origin by a firmly adherent, 
mottled red and grey thrombus that differed from the thrombus occluding the 
common trunk and left circumflex branch. Beyond this region, in the left descending 
ramus, the lumen was empty. The walls were thin and pliable and the intimal sur- 
face was smooth and glistening. 

The right coronary orifice was of the usual size and shape and was not occluded. 
Section revealed thin, pliable walls, and an occasional, tiny, yellow intimal plaque 
which did appear to reduce the caliber of the lumen. The right coronary artery 
coursed beyond the midline posteriori}-, and supplied the posterior aspect of the 
left ventricle. 


The aorta showed a few yellow, atheromatous streaks near the orifices of the verte- 
bral arteries. The lungs were the seat of edema and passive hyperemia. All other 
viscera and the brain showed only passive hyperemia. 


Microscopic Examination.—A. section taken through the left descending ramus, 
close to the point of origin, showed complete obliteration of the lumen by a well- 
organized and canalized thrombus (Fig. 1). The thrombus was composed of gran- 
ulation tissue, and contained many lymphocytes, occasional plasma cells, and 
moderate numbers of polymorphonuclear leucocytes. The thrombus contained 
many endothelial-lined spaces containing erythrocytes, and, within two of these 
■vessels, recent thrombi, showing beginning organization, were present. 

The intima of the coronary artery was irregularly thickened, and, in one location 
was elevated and composed of lamellated, relatively acellular, fibrous connective 
tissue contaming a few acicular slits. The media was thin and intact throughout, 
and, in the thickened, fibrous adventitia, a few thick-walled arterioles and capillaries 
ith perivascular collars of lymphocytes were encountered. A section stained hv 

h'nielh'^l "I’’ 03 rr led Splitting and ^mentation of the internal elastic 
fibers were tlelttetS. 1 ^^ 3 ™ elastic 
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tliis thrombus showed beginning organization. The left circumflex showed irregular 
intimal thickening, and, at one point, a large, spherical plaque narrowed the lumen 
in an eccentric fashion. In the lowermost portions of this plaque several focal col- 
lections of histiocytes and round cells were seen. The internal clastic lamella showed 
only slight, focal fragmentation. The media was not remarkable. 

A section of the interventricular septum taken at right angles to the longitudinal 
axis of the left descending coronary artery revealed two branches of the descend- 
ing ramus lying in fat. These were the scat of completely organized and canalized 
thrombi. In the interventricular septum there were large, irregular, well-vascular- 
ized areas of fibrous tissue, which separated and replaced large masses of myocardial 
fibers. In addition to this change, the deeper portions of the myocardium showed 
loss of staining quality, with loss and pvknosis of nuclei and a sparse but diffuse 
infiltration of polymorphonuclear leucocytes. 



rip. i. rip. 2. 

rip. 1. — Section of left descending coronary ramus showing subintimal fibrosis and 
thrombosis, witii canalization and subsequent thrombosis of canalized vessels. 

rip. 2. — Section of left circumflex coronary branch just beyond its origin. Note the 
marked eccentric subintimal fibrosis of wall and reduction in lumen. The lumen u 
filled with a recent and lamella ted thrombus which was continuous with tlironipus 
plugging the canalized vessels of a remote thrombus in the left descending rannis. 

A section through the posterior aspect of the left ventricle revealed marked loss 
of staining quality of muscle fibers, granularity of cytoplasm, destruction and 
pvknosis of nuclei, and diffuse interstitial infiltration by large numbers of polj 
morphonuclear leucocytes. A small amount of interstitial hemorrhage was present. 

Sections of the lungs showed pulmonary edema and passive hyperemia. All other 

sections showed only passive hyperemia. 

Anatomic Diagnosis . — Coronary arteriosclerosis; remote coronary thrombosis o 
left descending ramus, with organization, canalization, and recent, supeiimpose 
thrombosis; recent thrombosis of left circumflex branch; remote and recent infarc 
tion of interventricular septum; recent infarction of left ventricle; pulmonary 
edema; liydrothorax, bilateral; chronic passive hyperemia of viscera. 

DISCUSSION 

The type of coronary arteriosclerosis in this case differed slightly fioin 
that of older persons, in that less atheroma and no calcification weie 
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orcscnt The subintimal lesion was fibrous in nature, but the feu- 
acicular slits indicated that conversion of cholesterol esters to eiysta s 
had occurred. According to Leary," the characteristic es.on of coronal 
sclerosis in young persons is fibrosis associated with lipoid cells tvlnc 
do not accumulate in large aggregations because of the growth of hbxoi 
tissue He is of the opinion that the cause of death m the young is 
thrombosis secondary to subendothelial necrosis which extends to the 
endothelium. No distinct subendothelial necrosis could he demonstrated 


in the present case. 

Of the cases of coronary thrombosis between the ages of 5 and 20 
years previously reported, adequate microscopic studies are available 
in' only three. Thus, in the cases of Sprague and 0rgain 3a and of 
Benda, 3e at the ages of 15 and 12 years, respectively, characteristic 
atherosclerotic changes were present, whereas, in the case reported by 
Jamieson and Hauser, 3 f that of an IS-yeai'-old boy, the larger coronary 
branches showed a purely degenerative arteriosclerosis, with slight cal- 
cification, and the smaller branches showed proliferating endarteritis. 

In infants between the time of birth and the age of 27 months the 
coronary artery changes are quite different from the usual sclerotic 
changes in adults. They consist of medial calcification, with or without 
intimal thickening, and resemble the changes which occur in experi- 
mental animals after overdosage with parathyroid extract 7 or vitamin 
D. s No proof is presented in any of the reported cases of coronary 
sclerosis in infants that overdoses of vitamin D were given, and the cause 
of these medial changes remains controversial. 


The patient in the present case suffered severe anginal attacks for 
at least one year before death. This is understandable because of the 
marked reduction in the lumen of, and hence in the blood flow through, 
the left descending ramus. The thrombus, however, was well can aliz ed, 
and must have permitted sufficient flow of hlood to nourish the inter- 


ventricular septum until the last attack. It was not until the final 
thrombus occluded the left circumflex branch, as well as a few of the 


canalized vessels in the thrombus of the descending ramus, that death 
occurred. Sections through the interventricular septum showed patchy 
areas of fibrosis and bland necrosis of the myocardium, but, in addition, 
a few areas of leucocytic infiltration were seen. Sections from the 
posterior aspect of the left ventricle showed much more extensive leuco- 
cytic infiltration, accompanied by necrosis of the myocardium These 
observations suggest that the initial thrombosis of the left descending 
ramus did not completely occlude this artery, but gradually grew by 

fc fiinl Sfir* TIT 1 and and that # was not until 

t . fil “ 1 l ' ,oml,us occluded not only those canalized vessels but the 
circumflex branch as well, that death ensued ’ * 1 
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Selected Abstracts 


w<(rrl „ Tf, -Roias A G and Wiggers, C. J.: A Study of Spontaneous Fulminant 
Wegna, Iv., KOjas, A. vt., BB > -m iqq. 919 1C\42 

Shock in a Heart-Lung-Dog Preparation. Am. J. Physiol. 138. -12, m 

The relative importance of (a) decrease in venous pressure and secondary reduc- 
tion of cardiac output, (b) primary myocardial impairment, and (e) changes : m total 
peripheral resistance (TPB) in shock was studied by means of a heart-lung dog 
preparation, which is described. Venous flow and cardiac output were under con- 
trol and TPR could be calculated. In such a preparation, a fulminant type of shock 
develops spontaneously which may resemble clinical types characterized by speedy 
circulatory failure and death. 

In twenty-four such experiments it was shown (a) that shock can develop without 
progressive reduction or even with a rise of venous pressures or cardiac output, and 
(b) that it cannot be prevented or cured by increased venous inflow and cardiac 
output. 

The fundamental factor responsible for this type of irreversible circulatory 
failure was a steady and pronounced decrease in total peripheral resistance, which 
enabled the animal to store, over and above its own blood volume, quantities of blood 
equal to 25 per cent of its body weight, or four times its own blood volume. Au- 
topsies revealed no storage depots other than the mucosa of the upper intestines, 
which was always edematous, intensely congested, and often hemorrhagic. The in- 
tegration of these observations with apparently contrary findings regarding the state 
of tiie peripheral circulation, and their application to fulminant types of shock in 
man are discussed. 

Following any prolonged period of hypotension during the development of 
shock, the cardiac output at equivalent venous pressures also decreased, indicating 
that depression of the myocardium occurred. In the form of shock studied, this did 
not prove to be an initiating factor nor was it necessary to produce an irreversible 
state. But, after the peripheral changes of shock had been well established, it 
played an important role in the rapid downward trend of blood pressure and was 
the ultimate cause of death. 

Five dogs, primed with liberal doses of cortical adrenal extracts, and receiving 
these extracts during the experiments, revealed no indications that the course of 
dynamic events or the pathologic changes in the intestinal mucosa were influenced. 
It must be recognized, however, that the authors’ preparations perhaps offered too 
severe a test. 

Authors. 

Sim ^’ and Cotlklin ’ R - E " Tbe of Pressoreceptors in the Regulation 

of Blood Pressure in the Rabbit. Am. J. Physiol. 138: 391, 1943. 

Brief tipping experiments have been done on thirtv-two rabbits 
elimination of sources of afferent impulses ciusimr ZZ ! , P ro ^ esSlve 
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Ponder, E., and Hyman, C.: The Cytologic Effect of Saponin on the Walls of 

Vessels, Am. J. Physiol. 138: 432, 1943. 

When frog' muscle is perfused with saponin or bile salts in frog Binger, the per- 
meability of the vessel walls is increased, and this results in an increased rate of 
edema formation. If the muscle is perfused with a solution of hemoglobin to which 
saponin or bile salts have been added, the hemoglobin, which in the absence of the 
lysins, remains in the vessels, escapes through the vessel walls and appears in the 
extra vascular spaces. While these effects are being produced, the lysins disappear, 
in part, fiom the pei fusion fluid, being taken up by the vessel walls and other tissue 
cells. Quantitative determinations of the rate of uptake of the lysins, and of their 
effects on permeability, show that the kinetics of the cytolytic process are similar to 
the kinetics of hemolytic processes. The quantities of saponin involved in producing 
these changes in permeability are such as would cover the walls of the vascular system 
of the muscle with a layer of lvsin less than ten molecules thick. 

Authors. 

Bernstein, S. S., and Ginzburg, L.: Status Anginosus Due to Profound Anemia. 

J. Jit. Sinai Hosp. 9: 142, 1942. 

Angina pectoris of increasing severity appeared in a 62-year-old man suffering 
with profound anemia due to two independent gastrointestinal neoplasms. The 
cardiac pain was promptly relieved following transfusions, and never recurred after 
two operative procedures, even with the resumption of full activity. 

Kershbaum. 


Dill, D. B.: Physiology of Flying. J. Lab. & Clin. Med. 28: 5S5, 104 3. 

Graybiel, A.: Some Problems in Aviation Medicine. .T. Lab. & Clin. Med. 28: 
590, 1943. 

Dill, D. B.: Physiology of Fatigue: Factors and Criteria of Endurance. J. Lab. 
& Clin. Med. 28: 59G, 1943. 

These three lectures were part of a series given at the Metropolitan State Hospi 
tal, Waltham, Mass. The authors discuss the general problems involved m aviation 
medicine, particularly the response of the heart and circulation to abnormal con 
ditions of flying. Much of the material is the application of studies on fatigue made 
by the authors. The lectures are of value to the cardiologists who may find them- 
selves engaged in aviation war medicine. 

b McCulloch. 


Lewis, T.: Swelling of the Human Limbs in Response to Immersion in Cold 

Water. Clin. Sc. 4: 349, 1942. 

When an extremity is cooled, as by immersion in cold water (5° C.), it 
This increase of volume occurs in both skin and subcutaneous tissue, an w 
three hours may amount to as much as 15 per cent of the original volume. 

The swelling is due mainly to an edema of the tissues, judged to be infl 
matory from its relatively rapid outpouring and from its relath ely high pro e 
content. The contribution in the form of imbibed water is very slight. 

From this and correlated evidence, it seems that cold directly injures the sk" 
and subcutaneous tissues. This effect begins at about 15° to 18 C. and increase 
as the scale of temperature is descended. 



SELECTED ABSTRACTS 


277 


„ ij- n f iruic-continued immersion o£ the limbs in 
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effects of exposure to cold upon the whole circulation. Author. 


wnifcrth C C Livezev M. M., and Wood, F. C.: Distribution of the Patterns of 

Ventricular Potential’ Which Determine the Forms and Significance of Electro- 
cardiograms. Am. .T. M. Sc. 205: 4G9, 1943. 

Much of the confusion which now exists in clinical electrocardiography could be 
eliminated if, in all leads, one of the paired electrodes were attached to an area of 
relatively slight potential variation, such as the right scapular region. Under such 
circumstances, an electrocardiogram may be obtained which presents a relatively un- 
distorted record of the potential variations of the exploring electrode. From da a 
now available, it is possible to say that the exploring electrode should be placed on a 
number of chest positions such as C, to C c inclusive, if one wishes to acquaint him- 
self with the chief features of the various patterns which may be formed on the 
surface of the chest, including the two widely distributed to the upper parts of the 
trunk and arms. In order to obtain information regarding the pattern widely 
distributed below the diaphragm, it is necessary to place the exploring electrode on 
some position at least a few inches below the parietal attachments of the diaphragm. 
The best position or set of positions for this purpose has not as yet been determined. 


A TT'PTTnPQ 


Nylin, G., and Grcwln, K. E.: Three Chest Leads and Their Value in Association 
With the Leads From the Extremities, and Several Other Chest Leads. Cardi- 
ologia 6: 169, 1942. 

Some of the formerly introduced chest leads, and three, proposed by Nylin, called 
the longitudinal, the transverse, and the sagittal lead, are described. The importance 
of an exact localization of the lead off points by means of radioscopy is argued. 
About 350 heart cases have been examined with the above mentioned leads and part 
of them with the Nohb, .lervcll, and CF, leads. The transverse lead is of little 
value; the longitudinal and the sagittal ones, however, possibly are valuable. The 
Nelib leads arc to be further investigated, since they seem to be valuable especially 
the dorsal one, for the diagnosis of posterior infarction. 

Authors. 


Rosenbaum, F. F., Johnston, F. D., and Keller, A. P.: Paroxysmal Ventricular 
Tachycardia in Childhood. Am. ,T. Dis. Child. 64: 1030, 1942. 

A review of the literature has disclosed seven cases of paroxysmal ventricular 
tachycardia in childhood, which satisfy the criteria necessary for this diagnosis. 
Two additional cases, recently observed in this clinic, are reported. 

The first case was that of a child with congenital heart disease who had had 
ventricular tachycardia for two weeks. The paroxysm ceased only after a lame 
amount of quinidine was given. For a few days thereafter, the patient exhibited 
unusual forms of independent auricular and ventricular rhythms, together with 

alternations m the form of the ventricular complexes. 

The second case was that of a boy with no evidence of stnieturM r t 
who had frequent, symptomless paroxysms of ventricular tachycardia of slm 

tion. The arrhythmia disappeared on exertion. " r c ura " 

Measures usually employed in the treatment of , 

without effect in ventricular tachycardia and i tach 3 cardia 

jcardia, and it is therefore essential to differentiate 
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(hose (wo types of tachycardia whenever a case of paroxysmal rapid heart action of 
significant duration is encountered. Careful clinical and electrocardiographic stud- 
ies should be made to determine whether the tachycardia is supraventricular or 
ventricular in origin, and if it is the latter, quinidine sulfate should be given in ade- 
quate dosage to convert the rhythm to normal. 

Authors. 

Strauss, S., and Langendorf, R.: Bilateral Partial Bundle Branch Block. Am. 

J. M. Sc. 205: 233, 1043. 

A case is reported of sinus rhythm with intraventricular block showing variations 
of the ventricular complexes between the common and uncommon types. This change 
is associated with the occurrence of advanced partial A-V block. The alternations 
are explained by assuming partial block in the two main bundle branch systems, with 
a shorter relative refractory phase of the bundle branch which has the longer ab- 
solute refractory phase. 

Authors. 

Rhodes, P. H., and Durbin, E.: Coarctation of the Aorta in Childhood: Review 

of the Literature and Report of Three Cases. Am. .T. Dis. Child. 64: 1073, 

1042. 

A review of the literature on coarctation of the aorta revealed forty-seven cases in 
which adult type had been diagnosed during life in children under 15 years of age. 
It is important to make the diagnosis of coarctation as early in childhood as pos- 
sible, since the life of the patient may be prolonged by prohibiting strenuous sports 
and occupations. 

When coarctation of the aorta is pronounced enough to give clinical signs, its 
diagnosis is not difficult if (lie condition is kept in mind. It should be suspected 
when forceful pulsations in the neck, and hypertension, particularly with a wide 
pulse pressure, are observed in the child. The presence of a much lower blood 
pressure in the lower extremities and of retardation and diminution of pulsation in 
the femoral arteries confirms the diagnosis. The finding of a collateral circulation, 
and the roentgenologic signs are valuable aids. 

If routine determinations of blood pressure in children are made only on one 
arm, the right arm should be used, in order to avoid overlooking the occasional cases 
of coarctation in which the pressure is low in the left arm. Such a case is reported, 
together with interesting electrocardiographic observations. 

Authors. 

Leys, D.: Congenital Heart Block With Dextrocardia. Brit. Heart J. 5: S, 1943. 

A patient with congenital heart block, dextrocardia, and probable septal defec 
is reported. She also developed extensive pulmonary tuberculosis, but showed a goo 
tendency to recovery, and attained the age of 23 years with good functional capaci y 
equal to office work. Her ventricular rate was about 50, but rose to 80 during ever. 
It was not influenced by exercise or adrenalin. 

Author. 


Heilig, R.: The Pathological Heart Conditions in Hookworm Disease and Their 
Causes. Indian M. Gaz. 77: 257, 1942. 

The observations on sixty-five cases of uncomplicated, afebrile, seiere liookw 
disease, reported and discussed above, make it certain that the pathologic heart sign 
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which are typical for this condition are due to a diffuse myocardial damage which 
leads to a considerable dilatation of the left and the right heart; the murmurs are 
not only hemic but also, most probably, consequences of a functional, supravalvuar 
pulmonary stenosis and a relative mitral insufficiency, caused by the dilatation. In 
00 per cent of these cases all the signs of myocardial degeneration and dilatation 
vanished quickly and almost completely in parallelism with the improvement of the 
erythrocyte count and hemoglobin level, in spite of the untreated and persisting 
hookworm infestation. Six cases showed no change of the pathologic heart con- 
dition before deworming, though the hemoglobin level rose from values of 10 to 15 


per cent Salili on admission, to 40 to GO per cent before anthelmintic treatment w as 
started; in these cases the heart dilatation and myocardial lesion improved quickly 
after complete destruction of the hookworms. These facts seem to prove that two 
factors are responsible for the heart damage in ancylostomiasis, the anemia and a 
toxic agent, dependent on the presence of the hookworm; in the majority of cases 
it is possible to compensate (temporarily?) the action of the second factor by curing 
the anemia, but a minority remains where this factor is predominant and exerts its 
myocardial damaging influence irrespective of the blood condition. No decision was 
reached as to whether this agent is a toxin or an allergin ; the eosinopliilia, said to be 
found frequently in ancylostomiasis, points toward the second possibility. Complete 
elimination of the hookworms, however, has to follow the antianemic treatment, 
preferably succeeded by prolonged iron medication, to get optimum and lasting 
results. 


Author. 


Evans, W.: Mitral Systolic Murmurs. Brit. M. J. 1: 8, 1943. 

The need is discussed for an evaluation of these murmurs in the diagnosis of heart 
disease, and for examining the distinctive feature which may identify the murmur 
with some precise cardiologic disorder. The murmurs are divided into three cate- 
gories: irrelevant, innocent, and mitral incompetence. The discussion is brief, but 
very inclusive, and gives proper emphasis to the relative importance of this physical 
sign. 

McCulloch. 


Dassen, R., and Fongi, E. G.: Hamman’s Syndrome. Medicina, Buenos Aires 3: 
7G, 1942. 

A clinical case of Hamman’s syndrome in a woman 23 years of age is described. 
The diagnosis is made and the basis to recognize it is given, showing its differences 
with pericarditis and acute coronary occlusion. 

Authors. 


Moloney, W. C : The Occurrence of Abnormal Capillary Fragility in the New 
bom. Am. J. M. Sc. 205: 229, 1943. 

o/fif! im i na ?'fudy capillary resistance in the newborn, thirty-three (GO pe 
J . flft) ‘ fivC infants showed morc or less abnormal capillary fragility P 

us decreased capillary resistance disappeared as the infants became older 

r are ou,,iMd - 

in the newborn is postulated. ^ ce to hemorrhagic disorder: 


Author. 
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Coburn, A. F., and Moore, L. V.: 
J. Pediat. 21: ISO, 1942. 


Salicylate Prophylaxis in Rheumatic Fever, 


One hundred eighty-six young rheumatic subjects were observed before and 
following hemolytic streptococcal pharyngitis. Of forty-seven who received prophy- 
lactic closes of sodium salicylate, only one developed rheumatic fever. Of one hundred 
and thirty-nine untreated patients, fifty-seven developed rheumatic fever. These ob- 
servations suggest that rheumatic fever can be prevented by the administration of 
salicylates during the respiratory infection and silent phase of the rheumatic infec- 
tion. The mechanism appears to be the prevention of antigen-antibody precipitation. 

Kershbaum, 


Padilla, T.: Cardiovascular Syphilis in 1942. Medicina, Buenos Aires 3: 24, 1942. 

The clinical aspects of syphilis of the heart and aorta are studied. Four forms 
of syphilitic aortitis are pointed out: first degree, simple aortitis or not complicated; 
second degree, aortitis with dilatation which can become aneurysm; third degree, 
aortitis with aortic insufficiency; fourth degree, aortitis with obstruction at the ostium 
of the coronaries. 

The high value (100 per cent positive) of the biologic reactions should be noted 
(Wassermann and Ivahn) for the diagnosis of aortic syphilis in nontreated patients, 
and the importance of precocious and intensive treatment to impede the development 
of serious syphilitic aortitis. 

Author. 


Smith, K. S.: Cardiac Syndromes Complicating Diabetes and Their Treatment. 

Brit. Heart J. 5: 1, 1943. 

The evidence proving that diabetes conduces to early and severe arteriosclerosis, 
and, especially, coronary arterial disease and coronary thrombosis, has been reviewed. 

The clinical features of forty-nine consecutive cases of diabetes associated with 
heart disease have been analyzed. The sexes were fairly evenly represented; the 
average age of the men was G2 years, and that of the women 61 years. 

Hypertension was present in forty-four of the forty -nine patients (almost 90 
per cent) ; in thirty-one instances the blood pressure was ISO mm. or more. As is 
usual in hypertension uncomplicated by diabetes the blood pressure frequently 
dropped swiftly and considerably on confining the patients to bed. Reasons vcic 
adduced for believing that hypertension in the diabetic was in some degree directly 
attributable to the metabolic fault. 

A study was made of the manner in which angina of effort, spasmodic angina, 
coronary thrombosis, left ventricular failure, and congestive heart failure supenened 
in diabetics. Some case histories illustrating these events, and showing the relation- 
ship between the diabetic state and the cardiac development, have been summarized. 

As a rule, patients with diabetes and some form of angina or heart failure 
found to derive benefit from any necessary readjustments of regime or insulin dosage. 
Controlled observations were not, for obvious reasons, generally possible, but i 
few patients, in whom this adjustment only was made, deterioiation in the ma 
condition was replaced by improvement. 

It has been concluded that, wdiile the lives of patients with disease of the coronar) 
artery are at serious risk, those of the "cardiac diabetics” are even more preca 
Coronary thrombosis in the diabetic is extremely hazardous. 

Methods of treatment of cardiac complications in diabetes have been revieu c . 
The requirements of diet, fluid, insulin, glucose, and remedies directed to the 
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hare be considered. Tlie well-known principle <*, * **£ "LTC 

in - -s 

”z r “rs2s^-u w, a - 

additional heart disease is to court disaster. „ _ _ 


Shrader, J. C., Young, J. M., and Page, I. H.: Pyelograms in Patients With Es- 
sential and Malignant Hypertension. Am. J. M. Sc. 205: 505, 1943. 

The retrograde pyelograms of 100 hypertensives and 100 normotensives were 
studied to ascertain whether hypertension was associated with any constant pyelo- 
graphic variation. Those which seemed more common in hypertensives were renal 
pelves which were larger than average, and pelves whose position was lower than 
average. Intrarenal pelvis, incomplete rotation (renal torsion), right-angled uretero- 
pelvic juncture, and bifid pelvis were no more common than in normotensive patients. 
Hypertension was not associated with any significant variation in the size of the 
pelvis to the size of the calices, the general configuration of the pelvis, the pelvic 
axis, nor the number or morphology of minor calices. 

The incidence of hypertension in patients who exhibited easily' recognizable renal 
abnormalities as demonstrated by retrograde py'olograms was 22 per cent. The 
average mean arterial pressure of patients with abnormal pyelograms was the same 
as the average mean pressure of those with normal pyelograms. The incidence of 
significant renal abnormalities in an unseleeted group of hypertensives was 19 per 
cent. 

The retrograde pyelograms of patients with essential hypertension do not differ 
significantly from those of normotensives. The incidence of urographic abnormalities 
in an unselected group of hypertensives appears to be no greater than in normo- 
tensives. 

Authors. 


Daley, R. M., TJngerleider, H. E., and Gubner, R. S.: Prognosis in Hypertension. 

.T. A. M. A. 121: 3S3, 1943. 

Hypertension is important for two reasons: as an indication of an underlying 
disease, and because of the deleterious effects of the elevated blood pressure itself. 
The mortality from heart failure and degenerative atherosclerotic changes of the 
large vessels, such as the coronary arteries, which result from long-standing duration 
of hypertension without regard to its degree, is far greater than the mortality from 
such causes as malignant nephrosclerosis and apoplexy, which can be attributed more 
directly to a decided elevation of the blood pressure. It is evident, therefore, that 
an important consideration in prognosis is the proper evaluation of the duration of 
the hypertension, apart from its degree. Since the degenerative atherosclerotic 
changes may occur in the absence of advanced arteriolar disease, it appears that the 
grading of hypertension solely by arteriolar changes (blood pressure levels and 
rcnct.uty, retina examination, pectoral biopsy), which indicate the degree and not 
."»,*»*«•" .1 hypertension, has certain shortcomings. ^ 
anew,!,- the lord »£ the bl«d pressure, diastolic as moll as systolic dt ato 
rosorro in drawing conclusion, £,„ m casual blood pressure reading, Tlie 1 

Mood pressure in subject, with hypertension may be determined m „, T “ 
employing the breath-holding pressor test to detimin, ti “ ““P 1 * by 
breathing for a short period a, a depressor test to fT »d oyer- 

the blood pressure may be expected to fall. e tlle owest !evel to which 
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Left ventricular hypertrophy and atherosclerotic changes, particularly in the 
coronary vessels and the aorta, are invariable accompaniments of elevated arterial 
pressure of long standing, and are serviceable as prognostic guides. Hypertrophy of 
•the left ventricle can be determined by means of x-ray study and electrocardiography, 
which also serve to reveal arteriosclerotic changes in the aorta and coronary arteries! 
The electrocardiogram is somewhat more sensitive than roentgen findings for early 
detection of left ventricular hypertrophy, employing criteria established by study 
of a large number of normal and hypertensive subjects. There is a marked increase 
in mortality with progression in the electrocardiogram toward an abnormal pattern. 

Other considerations, including heredity, sex, age, and the presence of associated 
conditions such as renal disease, diabetes, and obesity, are important in estimating 
the life expectancy and the benefit which may be expected from therapeutic proce- 
dures available at the present time. The advent of several new therapeutic ap- 
proaches offers real promise that hypertension may be brought under some measure 
of control, and therefore prognosis becomes of great practical importance, both as 
a standard .by which to evaluate new therapeutic procedures, and also as an indication 
in the proper selection of cases amenable to various forms of therapy. 

Authors. 

Lewis, R. N., Werle, J. M., and jiggers, C. J.: The Behavior of the Spleen in 

Hemorrhagic Hypotension and Shock. Am. J. Physiol. 138: 205, 1943. 

In nine experiments on dogs, the changes in areas of exteriorized spleens were 
studied by the method of Barcroft and Stephens during hemorrhage, posthemorrhagic 
hypotension, and hemorrhagic shock following reinjection of the blood which had 
been withdrawn. 

In confirmation of previous reports, it was found that the spleen contracts rapidly 
and extremely during hemorrhage, the area being reduced by 50 per cent or more. 
In extension, it was found that during a period of prolonged posthemorrhagic hypo- 
tension the dog’s spleen undergoes a further slow contraction, does not increase on 
reinfusion of the withdrawn blood, but remains contracted whenever the duration and 
intensity of the hypotension are sufficient to create dynamic and pathologic signs 
of shock. Similar changes occurred in plasmapheresis experiments. 

In the dog, splenic contraction does not contribute to elevation or maintenance 
of arterial pressure by virtue of the increased resistance induced in the splenic shunt, 
but by augmenting venous return and cardiac output. The spleen is not an organ 
which withdraws blood from active circulation in hemorrhagic shock. "When the 
spleen is found large and congested at autopsy, other factors must have operated. 

Authors. 


Warren, J. V., and Stead, E. A., Jr.: The Effect of the Accumulation of Blood in 
the Extremities on the Venous Pressure of Normal Subjects. Am. .T. i . > c - 
501, 1943. 

Venous tourniquets at a pressure of 85 mm. Hg were applied to the uppe g 
six normal subjects. 

The application of these tourniquets caused a decrease in '® nous urt , 

both the external jugular and antecubital veins. The average a uc ' p " ' 

in the external jugular vein was 53 mm, of water. The average a m 
sure in the antecubital vein was 23 nun. of water. 
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The « i» 

tliiglis is greater in the cntemnl jugii ar ian - j After the vein trails 

»» veins tend collapse when ~ to the point of 
arc in contact, further lowering of the venous pre.su P tion of tlie 

collapse produces no further decrease in venous pressure P 


vein. 


Homans, J.: Vasomotor and Other Reactions to Injuries and Venous Thrombosis. 
Am. .T. M. Sc. 205: 313, 1943. 

This is a classic discussion of the subject, expressing the author’s own conception 
of the problem. It must, be read to bo appreciated, and the reading is well worth 

while. , _ _ 

McCulloch. 


Schill, E.: A Case of Spasm of the Vessels of the Respiratory Center With 
Secondary Lung Edema. Cardiologia 6: 221, 1942. 

A temporary spasm of the vessels supplying the breathing center, amenable to 
intravenously administered sodium nitrite, which well-nigh caused cessation of 
breathing, was accompanied with edema of the lungs in consequence of failing 
nrterialization of the blood, and consequent poor nourishment of the heart muscles 
since the left half of the heart had been formerly damaged' owing to hypertonia and 
previous thrombosis of the left coronary artery. 

Author. 


Cossio, P., and Fustinoni, O.: Angina Pectoris and Diaphragmatic Hernia. Rev. 
argent, de cardiol. 9: 217, 1942. 


The literature upon the nature of the painful crisis in diaphragmatic hernia is 
reviewed, and five personal observations are reported in which these crises were 
erroneously considered as due to angina pectoris of coronary origin, or myo- 
cardial infarct. 

The error in diagnosis was made because of the pain characteristics (intensity, 
localization, irradiation, effectivity of nitroglycerin) and the appearance of a 
coronary wave in the electrocardiogram, or because of an apparently irreducible 
cardiac insufficiency. 


A few facts are pointed out which may avoid this diagnostic error. The electro- 
card.ograplnc alterations are explained as due to inflammatory or mechanical action 
of the hernia upon the pericardial surface of the heart. The cardiac insufficiency is 
consKlercd to be a consequence of vitamin B, deficiency, or of anemia which may 
follow circulatory or inflammatory alterations of the gastric muscosa. 

It is maintained that the pain attacks are, at least sometimes or partly of cardiac 
origin. It is appropriate, therefore, to speak of angina pectoris in diaphragmatic 
her.ua, as well as in anemia, aortic stenosis, and aortic insufficiency 


Authors. 


Edwards, E. A., and Edwards, J. E.: The Vennuc „ 

Obliterans. Arch. Path. 35: 242, 1943. V6S m Throm koangiitis 

Examination of the blood vessels of the in,.-.... .... 

angiitis obliterans damages the venous valves extensive! Ta T that tllrombo ' 

J and seriously. The lesions 
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involving the valves are part of the changes In the blood vessels in general fa, 
inflammation ; second, thrombosis; and third, dilatation secondary the obs.r’aeUe^ 
by tlie inflammation or thrombosis. 


The valves may be disrupted by the inflammation. Their excursion may be limited 
by llieir involvement in the inflammatory exudate in the valve or in the vessel wall or 
by the formation of adhesions. ’ 


3l \ oIj s tractive thrombosis the valve is destroyed by the organization and re- 
canalization, any remaining portions being incorporated in the walls of the channel 
or channels. In mural thrombosis the cusps may be incorporated in the organizing 
tissue, or their excursion may bo limited by thickening and adhesion. 

The dilatation of the veins distal to areas of obstruction is associated with 
relative incompetence of the valve. The growth of reparative tissue often additionally 
thickens the cusps and makes them rigid. The thesis is presented that this may be 
but one part of a widespread proliferative change in thromboangiitis obliterans 
secondary to the obstruction of the blood vessels. 


Authors. 


Edholm, O. G.: The Compensatory Mechanism of the Splanchnic Circulation 
During Changes of Posture. .T. Physiol. 101: 1, 1942. 

The mechanisms responsible for the fall in blood pressure in the feet-d own posi- 
tion have been examined in the cat. Evisceration does not abolisli the fall, but 
diminishes the vascular compensation. Removal of the liver, with or without eviscera- 
tion, almost abolishes the fall of blood pressure in the feet-down position. The fall 
in blood pressure is due to the collection of blood in the liver, not in the splanchnic 
region although (his area is partly responsible for the compensation following this 
fall. The recovery of blood pressure on restoring the animal to the horizontal posi- 
tion is due to the return to the right side of the heart of the blood which had accumu- 
lated in the liver. 

Kershbaum. 


Currens, J., and Barnes, A. R.: Tlie Heart in Pulmonary Embolism. Arch. Int. 

hied. 71: 325, 1943. 

A study of tlie heart was made in cases in which pulmonary embolism occurred. 
It is noted that the' size of the heart in the surgical group of cases in which pul- 
monary embolism develops, and the surgical group in which pulmonary embo ism 
does not develop, is essentially the same. Since chronic valvular defects and disease 
of the pericardium were excluded as causes of cardiac enlargement, tins evidence 
indicates that hypertension does not predispose to pulmonary embolism among 
surgical patients. Tlie heart was examined in thirty cases in which pulmonary em- 
bolism occurred, and evidence of acute infarction was found in five. In oui o e 
cases, no significant obstruction was found in the coronary aiteries, but m e 
case there was fresh coronary thrombosis. One case in which there was pro onge 
shock is presented. In this case there was acute infarction imohing tie po 
wall of the left ventricle, without coronary thrombosis. The electrocardiograp nc 
differentiation of infarction of the posterior wall of the left ventiicle, and pu m0 ' 
embolism, is illustrated and discussed, and the value of tlie chest leads in di eien a 
in g the two is stressed. The mechanism of the production of electrocar iogr p 
changes is discussed, and a possible explanation for angina pectoiis, uhici 

sionallv occurs in pulmonary embolism, is suggested. 

J Authors. 
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Syncope Induced by Gravity. Ain. J. Physiol. 138. 630, UM. 

, • x ^ ;. ( i r f nr n t lpast twenty minutes show insignificant 

the ,U« S p ;r as ~ 

by the roentgenkvmographic method. Fainters show a marked decrease m . e 
functions under the same conditions. If no marked movement occurs, the stroke on 
put just before syncope is 25 to 35 per cent less than at the beginning of the stand 
ing period, whilo the cardiac output has diminished 21 to 43 per cent. The e P 
ment of syncope in quiet standing is primarily due to the absence of adequate 
muscular contraction which results in a diminished venous return. The vasomotor 
failure is secondary-. 


Lowsley, O. S., and Cannon, E. M.: Aneurysm of the Renal Artery. J. A. M. A. 

121: 1137, 1943. 

Aneurysm of the renal artery is a rare clinical pathologic entity. Only seventy- 
five cases have been reported to date, including a case of true aneurysm diagnosed 
preoperatively and presented here. 

A congenital defect in the wall of the renal artery, particularly at its' bifurcation, 
is a hypothetic factor in the etiology of aneurysm. It is questionable whether trauma 
per se produces renal aneurysm. 

Only twelve of the seventy-five reported cases were suspected prior to operation 
or death. 

True aneurysm is usually asymptomatic. A few patients have complained of pain 
in the flank. The cardinal symptoms of false aneurysm are hematuria, pain, and 
tumefaction in the flank. The pathognomonic signs, pulsation and a systolic bruit, 
have been present in seven cases. . The presence in the x-ray film of a ringlike shadow, 
with a dense periphery disrupted in one portion, and a rarefaction of the center 
in the kidney or hilar region, is suggestive of a renal aneurysm. 

The treatment is surgical. In the literature, all patitents presenting symptoms 
who were not operated on died. Of the twenty-nine patients subjected to nephrec- 
tomy, twenty-six survived. Of thirty-seven patients who underwent operation, eight 
died, an operative mortality of 21 per cent. 

Authors. 

Darrow, D. C., and Miller, H. C.: The Production of Cardiac Lesions by Repeated 

Injections of Desoxycorticosterone Acetate. J. Clin. Investigation 21- 601 

1942 . ’ 


Evidence is presented that cardiac lesions were produced by prolonged injections 
of desoxycorticosterone acetate in rats. The dose of DOCA was 1, 2, and 4 mg. daily, 
and the observations were made over a period of thirty to forty days. Necrosis of 
the myocardial fibers and replacement by fibroblasts were produced by these repeated 
injections. Pyridoxin intake did not influence the production of the lesions nor did 
a low mtake of thiamin aggravate them. Diets low in potassium produced lesions 
m tie heart which could not be distinguished from that produced by the repeated 
«V D °“- °»'l ” suggestive lowering „£ p„tai„„ 

conlra “ ,o ° ™” ' Mni,e io ”™ 6 ° f “» » fc 

The cardiac lesions produced by injections of DOCA or diets low in ootassin™ 
can bo prevented by addition of potassium chloride to the drinking water DeficT^ 
body potassium is apparently essential for the production of these lesions. 

Grace M. Roth. 
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Lebowich, R. J.: Chemotherapy of Experimental Streptococcic Pericarditis: A 
Comparison of Sulfanilamide and an Acetylated Derivative of 4,4'-Diamino- 
diphenylsulfone Hydrochloride in the Treatment of Experimental Beta Hemo- 
lytic Streptococcus Pericarditis in the Rabbit. Arch. Path. 35: 253, 1943. 

It has been shown for the strain of beta hemolytic streptococcus investigated that 
an acetylated derivative of 4,4'-diaminodiphenylsulfone hydrochloride exercises a dis- 
tinctly beneficial effect on the natural course of experimental beta hemolytic 
streptococcus pericarditis in rabbits. It considerably increases the number of cured 
survivors in comparison with their complete absence in the sulfanilomide-treated 
group, and definitely prolongs the average duration of life beyond that of the control 
and that of the sulfanilamide-treated group. The most effective results were obtained 
in a group of fifty rabbits whose treatment was initiated twelve hours after the 
production of pericarditis; forty-nine of these animals were cured. The incidence of 
survivors and the prolongation of life are definitely related to the time of starting 
treatment. 

The toxicity of this compound is of a relatively low order. 

The results are on a scale sufficiently large to indicate that the acetylated 
derivative of 4,4'-diaminodiphenylsulfone hydrochloride is far superior to sulfanil- 
amide in its therapeutic effect on beta hemolytic streptococcus infection of the peri- 
cardium as observed in rabbits. 

Author. 

Gefter, W. I., and Leaman, W. G., Jr.: The Use of Ouabain in Rapid Cardiac 
Arrhythmias. Am. J. M. Sc. 205: 190, 1943. 

One intravenous dose of ouabain produces a statistically significant reduction 
in ventricular rate and is an effective method of treating rapid cardiac arrhythmias 
of auricular origin. It is relatively ineffective when the mechanism is that of a 
simple tachycardia or when complicated by severe infection. 

When combined with one oral dose of digitalis, intravenous ouabain is an effective 
aid in producing full digitalization. 

Authors. 

Goldsmith, G. A., and Cordill, S.: The Vasodilating Effects of Nicotinic Acid 
(Relation to Metabolic Rate and Body Temperature). Am. J. M. Sc. 205: 204, 
1943. 

The administration of nicotinic acid produced no significant change in metabolic 
rate or body temperature before the appearance of the characteristic skin reaction. 
The vasodilatation, therefore, does not seem to be compensatory to increased heat 
production. Available evidence at the present time suggests that the vasodilator 
response is due to a local effect on the arterioles in the skin. 


Authors. 



Book Reviews 


The Epidemiology of Rheumatic Fever and Some of Its Public Health -Aspects : 
Bv John R. Paul, M.D., Professor of Preventive Medicine, 1 ale ^mvers 
School of Medicine, and other contributors; second edition, 1943. Rnntea \ 
the Metropolitan Life Insurance Company for the American Heart Association. 
1G3 pages, 31 illustrations. 


Of the various chronic infectious diseases of the United States, rheumatic 
fever now ranks behind only tuberculosis and syphilis as a cause of illness and 
death. Judging from the trend in recent mortality and morbidity statistics, one 
can venture the prediction that within another half century rheumatic fever will 
occupy first place in this group of diseases. For this reason and also because of 
the importance of the disease in military medicine, a review of the factors which 
control its incidence and spread is particularly timely at present. Dr. John Paul s 
book meets this need in a thoroughly admirable fashion. In the brief space of 
150 pages he has covered a great amount of material, and has summarized all of 
the important studies of the past two decades. These recent studies have been 
well integrated with the historical aspects of the disease. 

The tone of the book is judicial throughout. Both sides of controversial ques- 
tions are considered in a critical but thoroughly unprejudiced manner. The re- 
cent work bearing on the relationship of hemolytic streptococcal infections to the 
disease is reviewed, and the author concludes that although there is rather over- 
whelming evidence to indicate some relationship, such evidence does not yet per- 
mit one to draw the conclusion that the hemolytic streptococcus is the only noxious 
agent concerned. 


A large portion of the book is devoted to a discussion of various host factors, 
including age, sex, and racial predisposing factors, as well as the influence of 
living conditions and climate. There is also a comprehensive discussion of rheu- 
matic families; the author cites the evidence which indicates that contagion alone 
cannot account for the prevalence of the disease in such families, and, therefore, 
slates that hereditary susceptibility must be assumed. 


The lust two chapters deal with possible future Public Health procedures, by 
D. D. Rutstein, of the Cardiac Bureau, New York State Department of Health, 
and with general principles concerning the care of chronic rheumatic fever and 
rheumatic heart disease, by T. Duckett Jones of the Good Samaritan Hospital in 
Boston. These chapters are, likewise, thoroughly modern, and critically written. 

The style of the book is unusually readable, and the material is presented in 
such a clear fashion that it cun be readily assimilated by a second-year medical 
student, or even by a layman who has the barest acquaintanceship with medicine. 
Tins is not to be taken to mean that the book is written primarily for such per- 
sons. There is a wealth of material which can be profitably read by general prac- 
titioncrs, internists, and Public Health physicians. 


Dr. Paul 's book is not for sale; it was published for the American Heart Asso- 
ciation, and the Metropolitan Life Insurance Co. has generouslv borne tl,n „ t r 
publication. l’ii, -simps rtos. spccipl ip, crests a„a T „ 

book may obtain it free of charge by writine to ti l f e “ tltle them to the 

Copies have already been 

ofiicers in the United States Army. ’ ^ certain individual 


2S7 


Tinsley R. Harrison. 
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Physiology in Aviation: By Chalmers L. Gemmill, M.D., Commander, M.C., 
U.S.N.R., Associate Professor of Physiology, Johns Hopkins University School 
of Medicine, Instructor in Physiology, School of Medicine, Naval Air Station, 
Pensacola, Pla. Charles C Thomas, Springfield, 111., 1943, 124 pages, IS figures’ 
18 tables, $2.00. ’ 

The author has been in charge of the course of lectures on aviation physiology 
at the School of Aviation Medicine of the Naval Air Station at Pensacola, Fla. 
This little book contains the material covered in the lectures, and offers a clear 
and simple summary of the basic physiology necessary for an understanding of 
the reactions of men exposed to the hazards of altitude. 

The book is intended for beginners in the subject and seems well adapted to 
the purpose. Advanced students will regret the lack of a bibliography, and some 
may question whether subject matter such as this should -be presented, even to 
beginners, with so little hint of the difficulties and doubts involved. 

Isaac Starr. 

Anoxemia Cardiaca, Experimental y Clinica: By Dr. Moises Sloer, Profesor 
Ad junto de Patologia, Rosario. Tesis de Profesorado, Rosario, Argentina, 1942, 
69 pages. 

The author reviews the chief studies on cardiac anoxemia, from Rothschild and 
Kissin, to Levy and co-workers. Experimental and clinical observations follow. 
Experiments on dogs with different gas mixtures show that anoxemia causes in- 
crease of respiratory rate, hypertension, and tachycardia. These changes are re- 
versed by breathing mixtures containing less than 3 to 4 per cent of oxygen. 
These mixtures also cause many electrocardiographic changes, such as nodal 
rhythm, A-Y block, inversion of T, and deviation of S-T from the base line. 

Clinical observations were made on thirty cases, including normal subjects, 
doubtful cases, and heart patients. Anoxemia caused increased frequency of 
respiration and lowering of the T wave of the electrocardiogram in the first two 
groups; everything else remained practically unchanged. The height of the 1 vaio 
decreased more in doubtful heart cases than in normal persons. The administration 
of pure oxygen after anoxemia brings back normal conditions. Anoxemia causes 
the following electrocardiographic changes in heart patients: tachycardia; no 
changes of either P or P-R; decrease of R; flattening or inversion of T; and dis- 
placement of S-T from the base line. In general, the changes were greatci in t na 
group than in the two others. The author finds in these changes a confirmation o 
the anoxemic theory of angina pectoris. He does not believe, however, that elec ro 
cardiograpliic changes can be used as a test of coronary insufficiency. 

Therapeutic use of oxygen is recommended in all heart cases alien coionar} 
sufficiency is present. 

J A. Luisada. 

El Pulso Venoso Normal: By Agustin Caeiro, Cordoba, Argentina. S. 
Amorrortu, Buenos Aires, 1942, 14S pages, 57 illustrations. 

This booklet reviews in a clear and complete way the studies on jugular 
tracings from Wedemeyer to Orlas. After discussing the factors ahicli ^ 
the venous circulation, the mechanism of production of the different ua\es is ^ 
cribed. In one of the most interesting chapters the author reports his own stu 1 ^ 
on the velocity of the waves in the venae cavae of dcgs. From the clinical and ex T^ 
mental observations on venous tracings, the author concludes that each vaie o 
venous pulse is the result of the combined action of changes in the volume o 
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vein, changes in the pressure, and changes in the velocity of the venous blood flow. 
In another chapter there is an accurate description of the time relations between the 
waves of the jugular tracing and those of other tracings. This will be of use to 
students of the circulatory apparatus. At the end of the bool; there is an extensive 
summary in both Spanish and English. 

Aldo Luisada. 


Errata 

In the article entitled "The Effect of the Intravenous Administration of 
Lanatoside C Upon the Output, Diastolic Volume, and Mechanical Efficiency of the 
Failing Human Heart,” by John S. LaDue and George Fahr, which appeared in 
the March, 1943, issue of the Journal, volume 25, page. .344, the following cor- 
rections should be made: In Fig. 2 the value for V„ should be 885.3 cm.s, and, for 
V p , 844.4 cm. 3; in Fig. 3, V n should be 738.7 cm.s, and V s , 691.4 cm.s 

In the paper by Dr. Henry I. Bussek, entitled "Blood Pressure in the Aged,” 
which appeared in the July, 1943, issue of the Jouekal, volume 26, page 11, the 
sentence under Table IV, which reads "Percentage variation from unexpected mor- 
tality” should be "Percentage variation from expected mortality,” 
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Original Communications 


THE ABSENCE OP CONSPICUOUS INCREMENTS OF VENOUS 
PRESSURE AFTER SEVERE DAMAGE TO THE RIGHT 
VENTRICLE OF THE DOG, WITH A DISCUSSION OF 
THE RELATION BETWEEN CLINICAL CONGEST WE 
FAILURE AND HEART DISEASE 

Isaac Starr, M.D., William A. Jeffers, M.D., a^d 
Richard II. Meade, Jr., M.D. 

Philadelphia, Pa. 

P ERIPHERAL venous congestion is often interpreted by clinicians 
as indicating disproportionate failure of the right ventricle . 1 ’ 2 
Doubt of the validity of this interpretation 3 ’ 4 stimulated us to attempt 
direct experiments on dogs. The controversy between those who believe 
that one side of the heart can fail while the other remains relatively 
competent and those who can conceive only of failure of the whole 
heart has been recently, reviewed by Luisada . 5 In the experimental at- 
tack on this problem, interest has centered in the production of pul- 
monary edema by damaging the left side of the heart . 5 Therefore, 
although the right side of the heart has been damaged by ligation of 
the right coronary artery* or the injection of silver nitrate into the right 
ventricular wall, 7, 9 these experiments were designed as controls, and 
the facts which chiefly interested us were not recorded. 

Therefore, in acute experiments, we damaged the exposed right 
ventricular wall with a cautery, and, in chronic experiments, ligated 
(he vessels supplying this wall, closed the incision, and studied the 
animals until death or recovery ensued. Only minimal changes of 
venous pressure followed the most extensive damage to the right side 
of the heart that we knew how to inflict. With the results of these 
experiments before us, we have reconsidered the dynamics of clinical 

congestive failure and discussed its relationship to weakness of the 
heart . 


tap^!unt*ricAn e ^IR?u”?ophical' V STCietv. S ap: ' L ‘ ite ‘ 1 b - v a grant from the Daland fund of 
Received for publication OcL 27, 1912 . 
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ACUTE EXPERIMENTS 

Dogs were anesthetized with 1 e.c. per kilogram of a solution con- 
taining 3 per cent morphine, 4.2 per cent cliloralose, and 50 per cent 
methane, injected •intraperitoneally, and were given ether during the 
operation, if necessary. Carotid and femoral venous cannulae were 
inserted; the former was connected to a mercury manometer, and the 
latter to a manometer and a reservoir of physiologic salt solution. 
Venous pressures were taken by filling the manometer a little above 
the venous pressure and allowing the saline to run into the vein until 
equilibrium Avas secured. 



Fig. 1.— The heart of Dog 41 after the right ventricular wall had been attacked 
repeatedly with a cautery. The lesion had been cut through, to permit c 
of its depth, when this photograph was taken. 


Under artificial respiration the sternum was split and the pericaidium 
divided to expose the heart. After a control period, a red-hot soldeiing 
iron was laid repeatedly all over the surface of the right venliicc 
to destroy the muscular layers and interrupt the superficial Woo 
vessels. Observations of arterial and venous pressure were taken vkilo 
reheating the cautery, so that these estimations alternated with the m 
fliction of more damage. Soon the right ventricle ballooned out at cat 1 
systole. When rupture threatened, usually when leakage actualh > e 
gan, the experiment was terminated by stopping the respiration pump- 
After death the heart was removed, and the right coronal a al * er ^ 
cannulated at its mouth and injected Avitb hot, colored gelatin. A tei 


ST.-UII! ET AT,. : VENOUS PRESSURE AND RIGHT VENTRICLE 

examination and description of the heart, pieces we taken for section- 

jmr and the rest preserved in formalin. 

The results are recorded in Table I; the venous pressure jb * 
mod from an imaginary horizontal line halftvay bettveen 
and posterior aspects of the chest. The most extensive damage to the 
rmht ventricle was followed by an increase in venous pressure ot a 
little less than 2 cm. H 2 0 in one experiment, about 1 cm. m two ex- 
periments, and by no significant change in the other. However, aftei 
the pump was stopped, the asphyxial response caused a high rise oi 
venous pressure in each animal. 

Post-mortem examination showed that the largest part of the right 
ventricular wall was destroyed completely and most of the remainder 
could not be injected, presumably because the supplying vessels had 
been interrupted, but small areas of the right ventricular surface usually 
escaped the cautery. The post-mortem findings in Dog 41 were fairly 
typical of all, and this heart is shown in Fig. 1. Gross examination 
showed that over two-thirds of the right ventricular pericardial surface 
was charred. Viewed from within, the endocardium under this area 
showed gray areas and hemorrhagic spots. Cuts through the lesion 
showed that the tissue which retained its normal color was less than 2 
mm. thick in many places. A strip of right ventricle wall on the right' 
margin, about one-fifth of the total ventricular surface, was not reached 
by the cautery. This area appeared normal, and blood vessels here. were 
injected, but no other injected vessels were found in any part of the 
right ventricular wall. The left ventricle was normal. Examination of 
microscopic sections confirmed the gross impression. At least three- 
fourths of the right ventricular wall must have been functionless at the 
end of the experiment. 

Evidently, therefore, destruction of a large part of the right ven- 
tricular wall was followed by little or no increase in venous pressure 
in our experiments ; certainly nothing comparable to that seen in human 
heart failure was observed. However, the direct transference of our 
results to heart failure in man would be open to criticism. Since, with 
the chest open, venous pressure and venous return are not under then- 
normal influences, our dogs might have failed to show a more con- 
spicuous elevation of venous pressure because they were unable to do 
so, i.e., because the mechanisms needed had been destroyed by the anes- 
thetic or the operative procedure. This very proper objection can be an- 
swered m part. When the animals were asphyxiated by stopping the 
pump, the venous pressure reached 14 to 18 cm. IL, O-levels equal to, or 


only slightly below, those found in 


many cases of human heart failure. 


mefme, our dogs did not fail to increase venous pressure merely be- 
cause the open chest or the operative procedure made a larger increase 
impossible. Nevertheless, the mechanism might be different in ZT 
situations, so we sought further assurance 6 tW0 

unanesthetized animals with the chest closed. ex Periments on 
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Table r 

Acute Damage to the Right Ventkicle of Anesthetized Dogs, With (Jjiest Open 

AND ARTIFICIAL RESPIRATION 


TIME 

MEAN 

B. P. 
(MM. 

iig) 

VENOUS 

PRES- 

SURE 

(CM. 

h,o) 

EXP. DOG 40 
7.2 KG. 

TIME 

MEAN 

B. P. 
(MM. 
HG) 

VENOUS 

PRES- 

SURE 

(CM. 

H,0) 

3.34 

110 

6.3 


2.36 

114 

8.0 

3.45 

120 

6.5 


2.37 

114 

8.5 

3.52 

126 

6.3 


2.41 

114 

7.9 

3.58 

132 

6.5 


2.42 

114 

8.3 

4.07 

126 

5.9 


2.46 

124 

7.9 

4.10 



Damage to 

2.49 

126 

7.6 




R. V. 

2.53 

130 

7.8 




begun 

2.54 



4.11 

134 

6.0 





4.15 

116 

5.7 


2.56 

120 

7.8 

4.20 

104 

5.9 


3.00 

120 

7.S 

4.24 

90 

6.1 


3.10 

118 

7.4 

4.31 

90 

5.8 


3.24 

130 

8.0 

4.36 

86 

5.8 


3.29 

124 

S.3 

4.45 

74 

6.7 


3.34 

124 

9.0 

4.51 

64 

6.4 


3.37 

120 

9.0 

4.58 

66 

7.1 


3.50 

120 

8.3 

5.06 

70 

7.9 





5.12 

74 

S.3 





5.16 

70 

S.l 


3.55 


14.0 

5.22 


18.0 

Art. resp. 





EXP. DOG 41 
13 KG. 


Off 


Damage to 
R. Y. begun 


R. V. per- 
forated 
Art. resp. off 


exp. DOG 42 
9.3 KG. 


EXP. DOG 44 
9.5 KG. 


3.02 

68 

6.6 

3.11 

76 

6.8 

3.12 



3.14 

74 

6.8 

3.19 

84 

6.3 

3.28 

90 

6.5 

3.39 

88 

6.2 

3.46 

90 

6.5 

3.54 

92 

6.5 

3.58 

92 

6.5 

3.59 

14S 

15.0 

Hill, 

Johnston, 

and 


Damage to 
R, Y. 
begun 


2.55 

3.01 

3.04 

3.07 

3.08 

3.11 

3.15 

3.19 

3.27 

3.2S 


130 

134 

134 

136 


12S 

112 

94 

76 

170 


7.8 

7.8 

8.0 

8.0 


5.6 

8.7 
8.6 
8.3 

16.0 


Damage to 
R.. Y . begun 


Art. resp. 


off 


Art. resp. 
off 


CHRONIC EXPERIMENTS 


fects after ligation of the right coronary artery, had emonsia . 
dogs could survive this damage to the right side of the ieal 0 
periods. These authors were interested in the electioeai io 0 t 
changes, and venous pressure was not measured. Communication 
Dr. Wilson disclosed that no venous congestion liad been o isenc , 
we had no doubt that, if conspicuous venous congestion lac occu > 
it would have been both noted and reported. Neveithe ess, l se( ' 
wise to repeat this type of experiment, and make careful measuien 

of venous pressure. 
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Aflcv appro, >rinto ancMkob, and pith a sterile teelmiqne, the visible 
brandies of the visit!. coronary artery, descending: on the snrtaee of the 
i-ijrht ventricle, were ligated, and the animals allowed to recover. bc\- 
enil dogs did not survive the operation; one lived thirty-six hours, and 
one recovered completely and was sacrificed after three months. In the 
two survivors, venous pressure was estimated by training the dog to lie 
quietly on its back and measuring the height of the column of blood 
distending the large superficial vein on the interior aspect of the hind 
leg. When the skin was shaved, this could easily be seen, and the vein 
could he filled and emptied by raising or lowering the limb, much as 
the veins on the back of the hand are studied in man. 


Table II 

Venous and Arterial Pressures in Dogs With Infarcts of the Right 

Ventricular Wall 


DATE 

VENOUS PRESSURE 
(CM. 11,0) 

REMARKS 

3/24 


Dog 37S. Operation, all visible branches of 
the right, coronary artery ligated 

3/25 

4.0 

Dog weak 

3/20 


Dog found dead, necropsy lost by accident 

2/20 


Dog 539. 7.S kg. Operation, several 

branches of right coronary ligated 

2/27 

5.5 

Do g weak 

3/0 

4.0 

Dog appears well and lively 

3/13 

3.0 

Dog appears well and lively 

3/20 

57 

Dog has distemper but is lively 

3/30 

0.5 

Dog has distemper but is lively 

4/15 

4.0 

Slight nasal discharge persists 

4/24 

4.0 

Appears well and lively 

5/12 

7.5 

Appears well and lively 

5/2G 

4.0 

Appears well and lively 

5/27 


Dog sacrificed 


The results are recorded in Table II. No substantial increases in 
venous pressure were found. Palpation for the liver and ausculation 
of the chest revealed nothing abnormal at any time. 

We followed one dog for three months and then sacrificed it. A large 
infarct, roughly 3 by 4 cm., could be clearly identified in the surface 
of the right ventricle. No other cardiac lesions were found.* 


uiauuasiUiN 


It is well known that the right coronary artery may send branches t 
tlie left ventricle, and it is therefore entirely possible that, in tyim 
or cauterizing vessels on the right ventricular surface, the blood suppl' 
to a portion of the left, ventricle was interrupted. However, no lesioi 
of the left ventricle was demonstrated at necropsy in any experiment 

; * ’ - 1 t '° " ght ventricle ls weakened, and its output diminishes tin 
left side of the heart will not be as well filled, to the detriment of it 
function, even though its potential strength may he intact But a) 
2=5* “> tl-t left ventricular taction U, 

‘Dr. V. E. Ehrlch of the Pathology Department assisted in the necropsy. 
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have been impaired by our procedures, the total destruction of such 
a large part of the right ventricular wall, and its lack of function as 
judged by systolic bulging during life and our inability to inject the 
vessels after death, make it obvious that the right ventricle was dis- 
proportionately weak in relation to the left. Manifest systemic venous 
congestion and increased venous pressure have often been attributed to 
such a disproportion of cardiac strength, but in our hands the direct 
experiment failed to reproduce these effects. 

In view of the negative character of our results and the absence of 
any mention of congestion in other experiments 0 ' 9 in which the right 
ventricle was damaged, one wonders how the conception that venous 
congestion indicates right-sided heart failure originated. When asked 
this question, many intelligent clinicians of our acquaintance have sup- 
ported their views by the dam and stream analogy, as have some leaders 
in this field. 10 They conceive of a stream with a dam, forming a mill 
pond, and of the heart as a pump to lift water over the dam. If such a 
pump weakened, obviousty the water in the mill pond would rise. 

This analogy is popular because, since it is within the experience of 
everyone, the facts are very easily grasped. But the difficulty should lie 
apparent as soon as it is pointed out; in the example cited there is no 
circulation. To make this analogy closer, although it would still lie 
very imperfect, one might conceive of the pump drawing water from 
the pond, but also pumping this water back into the pond again, its 
only source of supply. One easily sees that under these circumstances 
the rate of pumping has no relation to the level of water in the pond. 

But two other arguments cannot be dismissed so lightly. In our cir- 
culation schema, 3 when the left “heart” was weakened, “blood” was 
transferred from the systemic to the pulmonary circuit, and, when the 
right “heart” weakened, from the pulmonary to the systemic. One 
would certainly expect similar mechanical effects to take place in the 
body when one side of the heart weakened. But while it is easy to 
think of blood drawn from the systemic circuit flooding the lungs in 
left-sided heart failure, one wonders whether blood spared from the 
lungs could possibly produce the massive venous and hepatic conges- 
tion we so often see in the clinic. Indeed, more blood than the normal 
lungs are believed to contain has often been transfused into the systemic 
veins without reproducing a noteworthy degree of venous congestion. 
Therefore, although we concede that right-sided heart failure may he a 
factor in clinical systemic venous congestion, the evidence indicates that 
it plays only a minor part. It is to be noted that the venous pressure 
did rise a little in some of our acute experiments, especially in Dog 40, 
in which the arterial blood pressure was maintained. Transference of 
blood from the lungs was doubtless a fad or in this effect. 

Another mechanical effect which increases the amount of “blood 
in the “veins” can be easily demonstrated in any circulation schema 
with a pump, valves, elastic tubes, and a peripheral resistance. In such 
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a system, as “cardiac output” diminishes, “arterial 
“venous” pressure rises as “blood” is transferred from the arterial 
to the “venous” side. In our animals this process may well have been 
a factor in the small increments of venous pressure which, late in tire 
experiments, accompanied a diminishing arterial blood pressure. Hu 
physiologists who are inclined to give great weight to this analogy do 
not, perhaps, realize that manifest venous congestion is not regular y 
found in moribund states, although the arterial pressure falls and the 
circulation must always diminish before it comes to rest. Therefore, 
one must conclude either that this mechanism is not of sufficient im- 
portance to produce manifest congestion of veins of patients, or that, 
its effect is regularly overcome by another mechanism, such as a gen- 
eral relaxation of peripheral vessel tone, which must be assumed to occur 
as death approaches, and to be absent in congestive heart failure. Re- 
garded in either way, it is evident that this mechanical effect of a dimin- 
ished circulation is of less importance than other mechanisms which may 
influence venous pressure. 

But if the massive venous congestion which Ave so often see in the 
clinic is not due to predominantly right-sided heart failure or to dimin- 
ished cardiac output , 1 - 11 to what should it be attributed? Clinicians 
have been slow to realize the multiplicity of noncardiac factors A\diich 
might cause venous congestion and increased venous pressure. On the 
other hand, physiologists have suffered from the lack of a clear concep- 
tion of certain facts about congestive failure as we see it in the clinic. 
Three such facts which bear on any theory of congestive failure may 
uoav be revieAved. 

First, the venous congestion of cardiac patients persists in large 
measure after the heart has ceased to beat . 4 After death, the aA T erage 
pressure in the veins of cardiac patients ivho died with venous con- 
gestion exceeds that of patients avIio died without heart disease by an 
amount approximately equal to the difference present during the last 
illnesses. This fact surely indicates that any connection between venous 
congestion and cardiac function must be indirect, for the abnormality 
persists after cardiac function has ceased. 

Second, bimanual pressure with one hand aboA r e, and one beloAv, the 
light upper quadrant Avill distend the neck veins of many patients 
with heart disease; this maneuver has been used as a test for incipient 
congestive failure in Europe. In such patients the difference between 
the congestion during this pressure and its disappearance when pressure 

thelenf Ti Sm ’ e } ynot * ue to f any chail S e in the potential strength of 
he he.nt. It is obvious, therefore, that changes in the -peripheral circu 

&^Il detCrminC lhe ™ * venous c^ 

«liI^™nce d, of r h!e ° fteU leads <0 ^ 

"” M ‘ «» “-^on „ £ 
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may be attributed to improvement of the circulation from cardiac stimu- 
lation. but, when a similar effect follows the administration of a mer- 
curial diuretic, this explanation is not valid, for mercury depresses the 
heart in any concentration that affects it at all . 52 Apparently, the com- 
mon factor in the action of these three groups of drugs is their abil- 
ity to eliminate fluid from the body; and the benefit which often follows 
a low salt diet 11 or the direct removal of fluid by tapping or Southey’s 
tubes is additional evidence of the importance of this factor. Here we 
have evidence of another factor in the genesis of venous congestion 
which is only remotely, if at all, related to the heart. 

With these facts in mind, let us attempt to assay the more important 
factors which might contribute to venous congestion in man. The first 
to consider is distention of the elastic vessels by. the increased volume 
of blood which is so regularly found to accompany congestion of the 
veins in tests made during life . 14 Passive distention due to hyper- 
volemia is a satisfactory explanation for the increased pressure through- 
out the vascular system, i.e., the increased static pressure which is found 
after death in cases in which there was venous congestion during life . 4 
But unless the methods are playing us false, not all patients with hyper- 
volemia, e.g., in polycythemia vera , 15 have venous and hepatic conges- 
tion. Therefore, the blood vessels must be assumed to play an active 
part in both the pressure and the distribution of blood within them. 

That a widespread increase of vascular tone can raise venous pressure 
was first suggested to us by results in an animal experiment reported 
before , 115 in which, during the early part of the aspliyxial response, car- 
diac output and arterial and venous pressure were increased at the same 
time. The aspliyxial rise in venous pressure in the experiments reported 
in Table I of this paper was doubtless of this type, for the heart was 
observed to be beating with increased vigor when arterial and venous 
pressures were elevated. Such a generalized increase in intravascular 
pressure cannot be explained as the mechanical consequence of changes 
in cardiac activity and arteriolar resistance. Occurring far too rapidly 
to allow the assumption of an increase in blood volume with passive dis- 
tention of vessels, a widespread increase in vascular tone, without com- 
pensatory relaxation elsewhere, is the explanation which naturally sug- 
gests itself. That a similar widespread increase in vascular tone might 
take place in man has been suggested . 17 

Pressure on blood vessels from without, as by fluid in the body cavities 
or when edema distends the skin, must be another factor, for this woul 
produce much the same effect as active contraction of vessel walls. Blit 
since large hydrothoraces, acites, and the massive edema of nephrosis 
are often unaccompanied by venous congestion, this factor is probably 
a small one in most cases. 

Nevertheless, a qualification must be made concerning the factors 
which w r e believe to be minor. In normal subjects many veins aie 
partly collapsed, and the circulation obviously has an easily available 
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reserve capacity. It is under such conditions that transference of blood 
to the veins by the factors we have called minor causes little mamfes 
congestion and little or no pressure changes; but if the vascular system 
were full and the veins already distended, the transference of small 
amounts of blood to the veins would have a much greater effect on the 
pressure within. Thus, it is only when it acts by itself that we expect 
cardiac weakness to cause no manifest venous congestion; surely, our 
hospitals are full of cases of angina pectoris without venous congestion. 
But if the blood volume was first increased, one would expect the minor 
factors to be more potent, so that the hearts’ strength might be more 


accurately reflected by changes in venous pressure. 

The direct experiments on dogs, the behavior of our circulation 
schema , 3 and the studies made on man 4 provide evidence against the 
commonly accepted doctrine of a direct mechanical relation between 
the heart and what is called congestive heart failure, but this evidence 
does not deny a relationship of another kind. The evidence for some 
kind of relationship is strong indeed; it consists of the impressive fre- 
quency of this complication late in the course of patients who have been 
long afflicted with chronic heart disease of many types. Other evidence, 
obtained in this laboratory , 18 supports this conception, for, using a 
physiologic measure of cardiac strength, namely, the ratio of the left 
ventricle’s work per beat to the size of the heart, cardiac weakness was 
found to be characteristic of those patients who had passed through 
congestive failure, ancl, so could be expected to suffer from it again. 
But in these data, also, there is evidence against a direct mechanical 
relationship, for no congestion was present when these tests were made, 
even though cardiac weakness was demonstrated. Nevertheless, it must 
be emphasized that this evidence and our failure to produce manifest 
congestion by directly damaging the heart does not refute the possi- 
bility of an indirect relationship, with time-consuming physiologic steps 
in between. 


A plausible train of events relating the heart and venous congestion 
is suggested by McMichael’s data : 39 The heart weakens and the circula- 
tion diminishes; as the bone marrow is stimulated by oxygen lack, the 
blood volume increases; the excess blood accumulates in the veins' and 
congests them; and better cardiac filling from the increased venous 
pressure improves the cardiac output, so that normal circulation may be 
regained in some cases. 

In the present state of our knowledge, other trains of events can also 
le conce’vedr TJm weakening heart could be thought of as diminishing 
cnal circulation, for there is certainly good evidence of diminished 
vidnej function m cardiac cases; specific renal insufficiency mH lt cause 
he characteristic, retention of fluid and electrolytes- this 'retained fl n 
increases blood volume and accumulates in tissues n^ss 
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of the ail-, and symptoms such as. dyspnea result. Whether such fluid 
retention could explain the whole picture is debatable, but the- prompt 

relief obtained by many patients when diuresis is established is most 
suggestive. 

Ihe similarity of the manifestations of overdosage with desoxycorti- 
costerone - 0 to those of congestive failure permits one to speculate about 
a train of events going through the endocrine system, and this does not 
exhaust the possibilities. 

None of these speculations result in a perfectly satisfactory theory, 
for neither do the signs and symptoms of congestive failure regularly 
follow prolonged exposure to anoxemia at high altitudes, nor do all 
renal lesions which cause retention of water and electrolytes cause 
venous congestion. Knowledge about the action of desoxycorticosterone 
is still too scanty to permit an opinion of the closeness of the analogy. 
Indeed, although the old conceptions no longer satisfy us, we have noth- 
ing equally definite with which to replace them. 

But one point must be strongly emphasized. As soon as one aban- 
dons the conception of a direct mechanical relationship between heart 
disease and congestive failure, and tries to substitute a train of events, 
one must concede that there may be other causes of congestive failure 
than heart disease. For example, if anoxemia of the bone marrow is 
a link in the chain, anoxemia from causes other than heart disease should 
cause congestive failure. If the chain goes by way of the kidney, renal 
lesions might cause it. It is sobering to reflect that, in many cases of 
congestive failure, heart disease was not the initial event; renal disease, 
as in the hypertensive cases, or pulmonary disease is often the initial 
event in the train. We have records of cases of this type in which the 
heart muscle at necropsy showed little or nothing to suggest that it 
was weak. One can contend that the pathologists’ methods are inade- 
quate, but it is becoming apparent that other explanations are possible. 

The pathologist is unable to tell from post-mortem examination of the 
heart which patients have died in congestive failure. A heart muscle 
which appears grossly and microscopically normal at necropsy is often 
judged by clinicians to have been weak during life. It is our contention 
that the criterion for cardiac weakness that is usually employed, namely, 
the presence of venous congestion, is unsatisfactory. It is to be hoped 
that, as knowledge improves, the clinical and pathologic evidence of 
cardiac weakness will be brought closer together. 

Knowledge of the dynamics of venous congestion in man is still fai 
from complete; the point to be made here is that factors concerne 
with the volume of blood and the tone of the blood vessels seem most 
likely to be able to cause it, and that the mechanical factors direct y 
connected with yveakness of the right side of the heart, or of the whole 
heart, seem less important.- This conclusion is supported by the results 
of our experiments. • • ' . 
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CONCLUSION 

Bv directly <ta.»gin g U* right ventricle of the dog’s heart in acute 
and chronic experiments we failed to produce more than a minimal 
increase in peripheral venous pressure. Our results gw e no suppoi o 
the view that the peripheral venous congestion and the large increment 
of venous pressure so often associated with cardiac disease in man are 
caused directly and predominantly by failure of the right ventricle. 

The relation of cardiac disease to venous congestion in man is dis- 


cussed. 
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Srstolic and diastolic apical thrills were noted, and systolic and diastolic murmu - 
were present over the entire precordium; their maximal intensity was m the tilth 
intercostal space to the left of the sternum. The murmurs were thought by another 
observer to be loudest at the apex and transmitted to the left axilla. The edge of the 
liver was felt 2 cm. below the costal margin. The extremities showed “early 
clubbing” and “1 plus cyanosis.” The electrocardiogram showed regular sinus 
rhythm, right axis deviation, a P-R interval of 0.20 to 0.24 second, and many 
junctional and ventricular premature contractions. A teleoroentgenogram showed 
enlargement of the heart to both sides. The urine was essentially normal. The 
hemoglobin was 9S per cent, with 4,8 00,000 erythrocytes. The total and differential 
leucocyte counts were normal. The blood Wassermann reaction was negative. A 
diagnosis of congenital heart disease, with interventricular septal defect, was made. 
The patient was treated with diet, limitation of fluid and salt intake, bed rest, seda- 
tives, and digitalis. He improved rapidly and the diastolic thrill and murmur dis- 
appeared. 
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murmur was observed. Clubbing of fingers and toes witli cyanosis of nail beds was 
present. 

Fluoroscopic examination showed prominence of the pulmonary conus, dilatation of 
the pulmonary artery, enlargement of the inflow tract of the right ventricle, and 
lengthening and rounding of the left ventricle. Except for the presence of auricular 
fibrillation, the electrocardiogram was similar to that described above. The hemo- 
globin was 70 per cent and the erythrocyte count, 3,520,000. A diagnosis of rheumatic 
heart disease, with possible tricuspid insufficiency, was made. He improved only 
slightly with treatment. 

Patient was transferred to Welfare Hospital two weeks befoie ea i. ie 
physical signs were essentially the same. The cyanosis was thought to be mild; club- 
bing of the fingers was described. One observer Relieved that he could distinguish 
a diastolic thrill and murmur. Despite therapy, failure increased, and patient 
died of pulmonary edema twelve days after admission: The urine showed 1 plus 
albumin and an occasional leucocyte and hyaline cast. The hemogonn was - p 
cent, with 4,020,000 erythrocytes. The total and differential leucocyte counts were 
normal. The urea nitrogen was 14.6 mg. per cent. Roentgenograp lie ant 

cardiographic examination showed nothing new. 

Autopsy was performed sixteen hours after death. There were defim te clubbmg 
of the fingers and toes, moderate edema of the lower extremities, and ascites (4,100 

There was a chronic, progressive, tuberculous process m the uppei ^ l0 ^ eS ° f . , t 
lungs, with fibrosis, caseation and cavitation, and bronchogenic spread to ng 

l0 ' Thet'r weighed 1,700 grams. The capsule and cut 

which averaged 3 mm. in diameter. The microscopic diagno-n . - wn „ 

The spleen weighed 310 grams, and was intensely engoye • T . P» > 
normal grossly, but, microscopically, revealed the atrophy of p ei ipl ml P 

of the lobules which is characteristic of ^g' 8 *®" ^ pertrop hy of all four 

The heart weighed 970 grams; there weie i a * ‘ * j -j ‘ o;l t ] ie r iglit. 

chambers, but both the hypertrophy and dilatation were compl efoly 

The pericardium was thickened, and the exu(late was noted grossly, 

obliterated by thin, .fibrous adhesions, i o - , ^ ventricle, was thickened. 

The myocardium of all four chambers, especia ^ ^ midway to the apex, 

The right ventricular wall was 2.0 cm. tine 5 cm> thick at the base, 1.3 

and 0.9 cm. at the apex. The left ventneu . < ' Section 0 f the muscle revealed 

cm. midway to the apex, and 1.1 cm. . at ^the^p showcd smn ll patches 

no gross evidence of fibrosis oi mfan. • 3 cm jn s ; ze , in the most 

of thickening throughout. There was a de ec , a was s0 situated that ap- 

basal portion of the interventricular septunn - ^ two-thirds above 

proximately one-third of its lumen lay abore the g ^ circumference . T l, e valve 

the left ventricle. The tricuspid ring was thickening, and fusion of the 

leaflets were thickened and deformed, wit i s mi S> tendineae had resulted in 
chordae tendineae. In one .red, the fn»« of fl e M susgM .od that 

fenestration at the margin of one of ie e. sheet of tissue resembling 

stenosis (?) and insufficiency had been pvesen-. ]eflflets which were actually 

normal valve leaflets (in contrast to the nc ' it was attached superiorly 

present), with chordae tendineae at its edges, was ou ^ )[ie tr j cutI pid leaflets, 

to the base of the aorta, and ran transverse y I0 "- d t]ie open ing in the 

parallel with the septal defect. It may have, in P< , ' ^ ri ]|t ven t r icle. The 

septum, as well as blocked off the lumen of the > hiftkc ncd and sclerotic, 

pulmonic valve was bicuspid. The leaflets were ^ 8linpc . Deep with- 

The orifice was 5.5 cm. in circumference and of na> P ^ bc !l(;quim l, rather 

in both sinuses there were Abiotic nodules which .pi 
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wae narrowed and hypoplastic, and 
„ - { „i lesion?. The pulmonary conus - circumference and 

than congenital lesion... 1 e d«e) measured < cm. m un 



pig. o.— Case 1. Pulmonary conus. 



Fipr. 3.— Case 1. Section of tricuspid valve. 


n,e pulmonary artery was somewhat dilated. The mitral valve was thin and sliowe 
no gross fibrosis. The ring was 11 cm. in circumference. The aortic valve was lik 
use enttrely normah The aortic ring measured 9 cm. The coronarv orifice? we 
dr ly pa cnt. The coronary arteries showed minimal atherosclerotic dianges Bo 
dt seeding and ctreumflex branches were larger than the right eoronar 
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Fig. 4. — Case ' 1 . Teleoroentgenogram, terminally. 


At autopsy, clubbing of the fingers and toes and edema of the extremities were 
present. Examination of the brain revealed heterotopia of gray matter in the right 


centrum semiovale which was congenital. The lungs were congested, and, micro- 
scopically, terminal lobular pneumonia was found. The intestinal mucosa, spleen, 
and liver were congested. Microscopically, the liver showed the central fibrosis, 
atrophy, and congestion indicative of cardiac cirrhosis. The kidneys were small, with 
a finely granular surface and a narrowed cortex. The pelves were normal. Micro- 
scopically, the most significant change was marked arteriolar sclerosis, associated with 
a moderate increase in the fibrous stroma. Arteriolar thickening was noted also in 
the sections of liver, spleen, pancreas, duodenum, and adrenal gland. 


The heart weighed 600 grams; it lay in the normal position. There were hvner- 
trophy and dilatation of all four chambers. The pericardium was smooth and glisten- 
T ' ,e m - VOear ‘ ,ium of the lcft veR tricle measured 20 mm. in thickness at the 
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valve orifice. No lumen could be dis- 


jiulinonic artery at a point (i.o cm. above the of its insertion into the 

tinguished growl}' 1,118 ^^“"iudlow depresmons were found. The coronary 

aorta and ’^rfes were of good caliber, and showed only 

ostia were patent. Inc coronary . , tl . i umen in some areas, 

slight atheromatous changes, with sligh narr ulceration or calcification. 

The aorta aho.ved tao.lorate atherontatoaa eto.ges » ' tout ■*“**“ " ^ 

Mierorcopieally, the duetua contained no definite lumen. J 

moderately fibrotic. 

COMMENT 

The unusually long duration of life in the first case, 53 years, as 
well as the relative lack of cyanosis or decreased cardiac reserve unti 
late in life, in spite of arduous physical labor, is, at first glance, rather, 
difficult to understand. The heart itself provided a possible explanation 
for the patient’s relatively good fortune. The pulmonic stenosis in this 
case was at the site of the valve itself. There was only slight narrowing 
ol’ the lower bulbar orifice, which is the usual site for the pulmonic 
stenosis associated with the tetralogy. Abbott 2 stated that pulmonary 
valvular stenosis is, in these cases, “practically always inflammatory. 
Indeed, the appearance of the valve was characteristic of a chronic rheu- 
matic process. We have further evidence of a rheumatic process in the 
pericarditis, the slight microscopic myocardial changes, the concomitant 
changes in the tricuspid valve, the microscopic fibrosis, and the vascular- 
ization and cellular infiltration of the valves and ventricular endo- 
cardium. Clinically, t here was evidence of recurrent rheumatic infec- 
tion. The conclusion seems .justified that the pulmonic stenosis was, in 
this ease, rheumatic in origin, and was probably acquired, judging from 
t tic history, some time after the age of 37 years. 

Although the pulmonic stenosis was acquired, the other changes, 
specifically the interventricular septal defect and the dextroposition of 
the aorta, were manifestly congenital. This complex of congenital 
cardiac abnormalities, which differs from the tetralogy of Fallot funda- 
mentally only in the absence of pulmonic stenosis, has been called the 
Fisennienger eom P le -V and is considered by some as a variant of the 
tetralogy. It is much less common than the tetralogy, and, what is 
more important, the functional changes associated with it are of less 
serious prognostic significance. The difference in the eardiodynamics 
is as indicated m Figs. 6 and 7 (adapted from Abbott). 

Fundamentally, the difference lies in the fact that, in the tetralogy the 
pulmonic stenosis impedes the flow of venous blood into the pulmonan 
ai ei\, forcing it, instead, to pass through the septal defect into the 
systematic circulation. This mechanism is Jackin- in the Fk , 
complex. Much less venous blood passes into the° aorta dire e f ? mengei ' 
-y of the septal defect; a greater portion 7 
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fibrous band, suggests the P oss ’ ■ . d of timc . While it was patent, 

atlor biilli f<* “ lonscl ' 1 " , , t ] iC ( j x1c tus arteriosus served to 

»1 >« «- «*f ''f ' dMeo-S * circumventing the stenotic 

* 8 ’' CalCr VOlnm ° ° £ W °° d ‘° ^ th ° 

lunps. This is indicated m Fig. 8. 



Fig. S. — Capo 2. 


Diagram. Effect of patency of ductus arteriosus on the circulation 
in the tetralogy of Fallot in early life (postulated). 


Another factor which may have influenced the cardiodynamics is the 
systemic hypertension. This, in all probability, was the result of an 
unrelated acquired disease affecting the peripheral resistance, and bore 
no or little direct relation to central cardiac factors. The arteriolar 
lesions in the kidney were such as are ordinarily found in hypertension 
of vascular origin. In any case, the presence of increased pressure in 
t lie arteries and aorta would serve to increase the pressure within both 
the left and right ventricles (because of the marked dextroposition and 
the septal defect), at least during systole, and would thus increase the 
head of pressure at the narrowed pulmonic orifice. This would increase 
the flow of venous blood to the lungs. If the ductus arteriosus was 
patent, the passage of blood to the lungs would have been further 


facilitated. The presence and degree of systemic hypertension would 
tend to increase oxygenation of the blood and thus aid the patient. 

The role of the patent foramen ovale is of questionable significance 
The actual orifice was small, and the endocardial septa were so arranged 
as to possess a valvular action by which blood was permitted to pass only 
nom right to left. In the normal heart, the pressure is somewhat greater 
" UlC le£l alnum than m the risht H this were true in this ease no 
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MYOCARDIAL INFARCTION INDICATED BY AN 
electrocardiographic pattern in 
WHICH T, IS LOWER THAN T 3 

Report of 45 Cases 

William Dressler, M.D. 

New York, N. Y. 

M YOCARDIAL infarction is signified in the electrocardiogram by 
a high take-off of the S-T segment and later by inversion of the i 
wave. These signs may be accompanied by changes m the size an 
shape of the QRS complex. In the presence of anterior wall infarction, 
the significant changes appear in Lead I. They are often associated 
with reciprocal changes in Lead HI ; that is, elevation of the S-T seg- 
ment and inversion of the T wave in Lead I may be accompanied by 
depression of the S-T segment and by an upright T, which is sometimes 
of unusual height, in Lead III. The reciprocal changes do not always 
parallel the significant changes; they are often less pronounced or may 
be absent. Even then, high take-off of the S-T segment and inversion 
of 1’ in Lead I are sufficient evidence of anterior wall infarction. 

The interest of clinicians has been focused mainly upon the signifi- 
cant changes. In some instances of anterior wall infarction, however, 
the signs in Lead I are poorly developed or occur rather late. The 
elevation of the S-T segment, may be inconspicuous or absent; and, in- 
stead of sharp inversion, there is sometimes but slight flattening of the 
T wave, which remains upright or becomes isoelectric. The flat, up- 
right T, may display a slight central dip, so that an M-shaped T wave 
results, 1 or the dip may appear at the end of the positive T wave. 
When the significant changes are poorly developed, the reciprocal 
alterations in Lead III are often marked and predominant, A distinct 
depression of the S-T segment is sometimes noted in Leads II and III 
in the absence of elevation of S-T in Lead I. More often, the promi- 
nent change is an increase in the voltage of T 2 and T 3 . 

The diagnostic significance of the reciprocal changes has received 
hut scant attention. Zwillinger 2 has expressed the opinion that an 
isoelectric T„ associated with a positive T 2 and T 3 , may signify an- 
terior wall infarction. Ashman and Hull 3 have pointed out that sharp 
reduction in the height of T, and elevation of T* together with a 
marked decrease the amplitude of QRS in the standard leads occa- 
Monally represent the only signs of anterior wall infarction. Bohning 
and Katz have stressed the diagnostic significance of "upright coro 
=-* ^ 11 *•>« m in the presence „£ nm^ior wall 
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and a sbalLv dip a. .be end ef tb.J ™ voltage. In the pecoM 

in Leads H and IH were upright, 1,ut "° An e ] e ctrocardiogram taken 
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marked increase in the voltage of 1 ' e in '® wave in Lea d I had turned positive 
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Tlie first electrocardiogram was taken January 12 (Fig. 2 A). It showed, in 
addition to left axis deviation, slurring of QRS in the standard leads, and eleva- 
tion of the S-T segment in the precordial lead. On the following day, January 
13 (Fig. 2B), the T wave in Lead I had become flat, and its amplitude was less 
than that of T s . Simultaneously, the R wave in the precordial lead disappeared, 
and inversion of T< developed. In the next tracing, taken January 16 (Fig. 2C), 
T, was more flattened. Reversal of the ratio of amplitude of T, and T 3 was still 
visible in a tracing taken after four and a half months (Fig. 2D). 


Comment . — Myocardial infarction was indicated twenty-four hours 
after the anginal attack by the electrocardiographic pattern < T 3 , 
and also by significant changes in Lead IV. These signs were still 
present four and a half months after the attack. 

A. B. C. D. E. 
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C« 3.-B. X, a — , ** 

3 ^^2S2=SSSSS 

•“"^“('"faiw'lo reveal rismficunt ntaomulitic.. A fliat-aosis of impenj.ag 
ilrefion -re, n,,<le. The »t. (Western) was 68 mm. on 

March 12. 

Earlv in April, 3041, the attacks of pain grew more severe; they came on ej. en 
during ‘rest, frequently at night, and lasted from ten to twenty minutes. The} 
were promptly relieved bv nitroglycerin. The patient was advised to staj at 
home, but, even then, he suffered ten to twelve attacks every day. An electro- 
cardiogram taken April 24, 1941 (Fig. 3 C), showed distinct flattening of T„ to- 
gether with an increase in the voltage of T 3 . Also, inversion of the T wave had 
developed in the precordial lead. In spite of complete rest in bed, protracted 
attacks of severe precordial pain occurred April 30, and the administration of 
morphine was required. A pericardial friction rub was heard on the following 
day. An electrocardiogram taken May 1 (Fig. 3D) showed inversion of T, and 
low voltage of QltS in the standard leads; It, had disappeared and inversion of I., 
was more pronounced. Another violent attack occurred May 10, and was followed 
by pulmonary edema. An electrocardiogram taken May 12. (Fig. 3 E) displayed 
a large Q wave and slight elevation of S-T in Lead I; a high take-off of the S-T 
segment, with an upright T, was present in Lead IV. The patient died on May 
22, 1941. 


Post-mortem examination revealed marked arteriosclerosis of the coronary arteries. 
The ramus descendens anterior of the left coronary artery was occluded by an 
old thrombus. The right coronary artery was almost completely obstructed by 
calcified deposits. The apical region of the left ventricle was thinned; its muscle 
was replaced by whitish fibrous tissue. There were also large areas of yellowish 
discoloration, with hemorrhages, indicating recent infarction, in the lateral wall 
of the left ventricle and in the interventricular septum. Whitish streaks of fibrosis 
were also visible in the posterior wall of the left ventricle. 


Comment .— Progressive coronary insufficiency during the last two 
months of life caused repeated myocardial infarctions, as shown by 
necropsy. The second phase of the disease, initiated by brief anginal 
attacks during rest, was characterized in the electrocardiogram by 
reversal of the ratio of amplitude of T, and T 3 (Fig. 3(7). 
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Analysis of 45 Cases in Which There Was the Electrocardiographic Pattern T s < T 
With Symptoms and Signs Suggestive op Myocardial Infarction 
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The patient was admitted to the hospital in July, 1942, because of arterio- 
sclerotic ulcerations of his toes. He did not complain of anginal pains at that 
time. Routine electrocardiographic examination (Fig. 5 B) revealed the pattern 
T, < T a and "upright coronary T waves” in Leads II and HI. This aroused a 
suspicion of myocardial infarction which was borne out by the historj - . 

Comment . — Myocardial infarction sixteen years prior to examination 
was indicated in the electrocardiogram by the pattern T x < T 3 . 

Table I presents the clinical and laboratory data on forty-five patients 
who showed the electrocardiographic pattern T, < T 3 together with 
other evidence suggestive of myocardial infarction. Only tracings 
without inversion of the T waves were considered as fitting into the 
pattern T x < T 3 . In all eases except one, a clinical diagnosis of coro- 
nary arteriosclerosis and ischemic myocardial necrosis was made. One 
patient (Case 41) had rheumatic heart disease and subacute infections 
endocarditis. He had an attach of severe pain in the chest, followed 
by significant electrocardiographic changes; the attack was inter- 
preted as due to coronary embolism. This patient was 25 years old, 
the youngest in our series. In the arteriosclerotic group, the ages 
ranged from 45 to 73 years. Thirty-seven of our patients were men, 
and eight were women. 

All but one of the patients had a history of angina pectoris. Forty- 
two patients had had one or more attacks of severe precordial pain 
during rest; in nineteen cases, the attacks 'were protracted, lasting 
from a half-hour to a few days. Angina pectoris of the effort type was 
present in twenty-seven cases. In twenty-three cases, the anginal at- 
tacks were followed by a rise in temperature, leucocytosis, rapid sedi- 
mentation rate, or a fall in blood pressure, or by a combination of 
these signs. An increased rate of sedimentation was most frequently 
observed. Two patients (Cases 31 and 35) gave a history of angina 
pectoris of effort, but not at rest. They remembered accurately the 
date of onset of their pains, which were of marked intensity and oc- 
curred after "walking only one block or less. According to our expeii- 
ence, these signs usually point to ischemic myocardial necrosis. One 
patient (Case 20) gave no history of angina pectoris. lie complainec 
only of marked shortness of breath that had developed suddenly two 
months before. Electrocardiographic examination showed the pattei n 
T x < T 3 and absence of R, and inversion of T 4 . 

As has been mentioned, the electrocardiographic pattern T 1 < T 3 
was present in all cases, either during the acute phase, after severe 
anginal pain, or as a persistent sign of chronic, irreversible myocar ia 
changes. T, was upright in thirty-two cases and isoelectric in thii teen. 
In two instances the upright T, was M-shaped, and four times its positiv e 
portion was followed by a shallow negative phase. The upright ^ 
was usually of low amplitude ; only in trvo cases was its amplitude 
mm.; in twenty-seven cases it was less than I mm. ; and in sixteen cases 
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„ ranged from 1 to 2 mm. Serial electrocardiographic examination 
showed a negative T wave in Lead I m nine cases. 

Significant changes in the QRS complex were infreque . n 

of significant size was observed twice m Lead I and once L t 
and ITT. Low voltage of QRS in Lead I was present m five cases ; low 
voltage in all standard leads was noted in nine instances. Lone of o 
patients had marked intraventricular block. Slight elevatioi 
S-T segment in Lead I was observed in one case only. Slight depres- 
sion of the S-T segment in Lead I was present in five eases ; mar me 
depression of S-T in Leads II and in was observed in four instances. 

The amplitude of the positive T wave in Lead III was almost in- 
variably above the average, which, according to various authors, 3 ’ 
has been estimated as from minus .74 to plus 1.22 nun. In eight of our 
eases the amplitude of T, was more than 3 mm. The maximum ampli- 
tude was 4 mm. (three instances). Two patients had “upright coro- 
nary T waves” in Leads II and III. 

The precordial lead was normal in nine cases. The majority of our 
patients showed changes in the QRS complex or T wave or both, such 
as usually accompany anterior wall infarction. The R wave in Lead 
IV was absent or of abnormally low voltage in twelve cases ; in eight 
of these there was a W-shaped QRS complex. Abnormal elevation of 
the S-T segment was noted in two instances ; slight depression of S-T 
was present in one case. The most frequently anomaly in Lead IV was 
inversion of the T wave (twenty-four cases) ; in fifteen cases, this was 
the only change in Lead IV. In two instances, T 4 -was upright but of 
abnormally low voltage; in five cases, it was of low amplitude and 
diphasic (minus-plus). 

DISCUSSION 

Ldciken and "V olierth, 8 who studied the significance of low voltage 
T waves in Lead I (less than 2 mm. high), have stated that the voltage 
of T, is influenced by the position of the heart and diaphragm. When 
the heart is vertically placed, T, is sometimes low in the absence of 
heart disease, and is then usually associated with a low R t . Roent- 
genologic study of the chest is therefore considered essential for the 
diagnostic evaluation of a low T, When, however, a low T, is asso- 
ciated wfih a normal or high R wave in Lead I, this is, according to 

chll - of I™' 1 ) 0 f l ; Stl '° n? indieation of ^rdiac abnormality, espe- 
cially of hypertensive heart disease. 1 


T,™!? ~n m< H poim " 1 out tllat the ratio of voltage of 
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less than plus 30° the pattern T, < T 3 indicates cardiovascular disease. 
In 80 per cent of such cases, as observed by Ashman and Hidden, right 
axis deviation of T was associated with hypertensive arteriosclerotic 
heart disease, and, in 10 per cent, with cardiovascular syphilis. It was 
rarely noted with other conditions, such as thyrotoxic heart disease 
(2.5 per cent), rheumatic heart disease (2 per cent), congenital heart 
disease (0.4 per cent), nephritis (0.8 per cent), and anemia (0.4 per 
cent). 


Of our group of cases the pattern T, < T 3 was associated with de- 
pendable evidence of myocardial infarction in 75 per cent (thirty-four 
cases). As dependable evidence we have considered (1) protracted 
attacks of anginal pain, followed by a rise in temperature, ieucocytosis, 
increased sedimentation rate, or a fall in blood pressure; (2) progres- 
sive electrocardiographic changes after attacks of anginal pain; and 
(3) absence or abnormally low voltage of R 4 , associated with inversion 
of T,. In two of our cases in which necropsy was obtained, there was 
evidence of old and recent infarction of the left ventricle, involving 
mainly the anterolateral wall and the interventricular septum. Necropsy 
observations, however, did not yield conclusive evidence as to the diag- 
nostic significance of the electrocardiographic pattern Ti < T 3 , for 
the pathologic process underlying that pattern did not usually lead by 
itself to a fatal outcome. Death was the result of new, superimposed 
pathologic events which caused additional changes in the electro- 
cardiogram, such as a deep Q wave, or high take-off of the S-T segment 
and inversion of T. In one case, reported by Zwillinger, 2 post-mortem 
examination revealed anterior wall infarction; the only electrocardio- 
graphic anomaly was an isoelectric T,. accompanied by a positive T 3 . 

In eleven cases (25 per cent) of our series there was no dependable 


evidence of myocardial infarction ; this possibility, however, was sug- 
gested by a history of severe angina pectoris of effort and at rest, and 
often by the presence of an inverted T "wave in the precordial lead. 
Thus, the evidence seems to indicate that in the majority, if not in all, 
of our cases, recent or past myocardial infarction was the cause of the 
electrocardiographic pattern T, < T 3 . The frequent coincidence o 
this pattern with electrocardiographic changes in the precordial leac 
indicative of anterior wall infarction suggests that the pattern T, < 3 


is probably equivalent to the Ti type of myocardial infarction. 

Reversal of the ratio of voltage of T x and T s is probably not caused b.\ 
extensive myocardial necrosis. Death never occurred, as has been 
mentioned, immediately after the development of this electrocai 10 
graphic pattern. A fatal outcome was usually the result of new anc 
severe anginal attacks, followed by different electrocardiogiap nc 
changes. It is likely that infarction which is indicated by the pattern 
T x < T 3 involves only the inner layei’s of the myocardium. It has een 
shown that injury of the epicardial portions invariably causes higi 
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. A . , o T sefnnen t- this does not happen when the suhendo- • 
' 1 ™ 1’l.c C mIS clo arc injured..- Also, tire appear- 

ance of a" IV -shaped QKS complex in Lead IV m eight of mu cases 
points to involvement, of the inner layers of the myocardium 

The electrocardiographic pattern T 1 < T : , occuis latiei 1 5 

During the last two and a half years, we have observed it m thutj 
cases in which there was evidence of inadequate nutrition of the heait 
muscle. It is of great diagnostic value, especially when other electro- 
cardiographic changes indicative of myocardial infarction are absent, 
as happened in nine of our cases. Case 7 affords a good illustration. 
Abnormally low voltage of T, is not an invariable feature of the pat- 
tern T, < T.,. The latter usually results both from flattening of T\ and 
an increase in the voltage of T s . Occasionally, however, T x is of nor- 
mal amplitude, and it is primarily the increase in voltage of T 3 which 
causes reversal of the ratio of voltage of T, and T ; .. 

The pattern Tj < T 3 is not specific of myocardial infarction. It may 
be found in the absence of heart disease when the heart is vertical, and 
in the presence of pulmonary emphysema. During the last two and a 
half years, we have observed this in five instances. Especially in eases 
in which there is a low R 1( the pattern T, < T 3 should be evaluated 
cautiously, and a roentgenologic study of the chest be made in order 
to ascertain whether either of the above-named factors is responsible 
for the electrocardiographic changes. On the other hand, it should be 
remembered that myocardial infarction, by itself, may also cause a 
decrease in the amplitude of R t . When abnormal position of the heart 
and pulmonary emphysema have been ruled out, one should consider 
the possibility of myocardial infarction in older persons, especially in 
those who give a history of angina pectoris. In young patients, rheu- 
matic heart disease is the most likely cause of the pattern T x < T 3 . 
During the last two and a half years, we have observed this in five 
cases. The incidence of the pattern T 1 < T 3 in other diseases is almost 
negligible. During the interval mentioned above, we saw this pattern 
once with thyrotoxicosis, once in a case of severe anemia, twice with 
uremia, and in one instance with hypothyroidism. 

Examples of the pattern T x < T 3 are readily available in the litera- 
ture, especially in the current textbooks on electrocardiography. In 
Ornybicl and White’s “Electrocardiography in Practice” 13 we found 
wclve cxamp'es of the pattern T, < T, In five cases (Pigs. 103 105 
~1, -OS, and 2ol) the clinical diagnosis was myocardial infarction In 
our cases (Figs. 140, 221, 2S9, and 259) coronary heart dLeasetras 
diagnosed. In one instance (Pig. 258), the diagnosis was acute and 
chrome rheumatic heart disease. In another case (Pio- 2711 • 

sis was diagnosed. One tracing (Pig 29) which , 1 .°' ^ tue im °- 
pattern T, < T, was attributed to a healthy ^ 

ycart old, and died one year after the tracing naa'taten”' “* 
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111 Katz’ “Exercises in Electrocardiographic Interpretation” 14 the 
pattern T 1 < T 3 is shown in eight tracings. Two of them (Cases 41 and 
51) were from patients with rheumatic heart disease, and two others 
(Cases 70 and 79) were from patients with congenital heart lesions. 
In two instances (Gases 42 and 44) myocardial infarction was diag- 
nosed. Of inteicst are Cases 3 and 63. In discussing Case 3, in which 
there were upright T waves in all leads, with the pattern T x < T s , and 
with R, absent, the author remarked: “The patient, a male, aged 70 
years, showed more than his expected disability from his arterio- 
sclerotic heart disease clinically. . . . The record is surprisingly normal 
in view of the clinical history.” In Case 63 there was, in the initial 
stage of posterior rvall infarction, an increase in the amplitude of T 2 
and T a , resulting in a reversed ratio of voltage of and T 3 ; later, 
inversion of T 2 and T 3 was observed. Thus, the pattern T, < T 3 may 
exceptionally develop during the acute stage of posterior wall infarction. 

Katz’ “Electrocardiography” 1 contains eighteen tracings with the 
pattern T x < T 3 . In two instances (Fig. 76A and B) the heart was 
pendulous; in one case (Fig. 202 A) there was pulmonary emphysema. 
In six cases (Figs. 11071, 128A, 13221, C, and D, 134Z1 and C, 140 B, and 
and 143 C and D) the diagnosis was myocardial infarction; in three cases 
(Figs. 175A and B, 1S0A, B, and C, and 195A) “progressive coronary 
insufficiency” was diagnosed. Other examples of the pattern T, < T 3 
included two cases of rheumatic heart disease (Figs. 18571 and 21971), 
two cases of vitamin deficiency (Figs. 210 B and 211 B, C, and B), and 
one case of hyperthyroidism (Fig. 205A). In two instances (Figs. 7171 
and 73 B ) , the clinical data and the diagnosis were not reported. 

In a paper, “Delayed Electrocardiographic Changes in Coronary Oc- 
clusion,” 15 Strauss presented a case (No. 3) in which there were a flat 
T x and an elevated T 3 a day after a severe anginal attack (Chart 3 C)- 
The author remarked that the electrocardiographic changes were mini- 
mal, and “definitely out of line with the history and findings of a coio 
nary occlusion. ’ ’ 

In a paper by Feil 16 we found two tracings (Case 8, Fig.^ 26, and 
Case 15, Fig. 36) which presented the pattern T x < T s during pielimi 
nary pain in coronary thrombosis.” 

In a case reported by Wilson and Johnston, 17 the pattern Tj < % 
(Case 2, Fig. 1C) occurred. The tracing was from a patient who suf- 
fered from angina pectoris and had attacks of pain even diuing ies , 
one severe attack was brought on by shoveling snow. 

Bellet, Kershbaum, and Furst 18 reported a case in which develop- 
ment of the pattern T x < T 3 was observed after shock treatment ( ase 
2B). Later, T x , T,, and T 4 became inverted, and leucocytosis . 
oped. The authors thought that hemorrhage into the ventucu ai 
myocardium might have been responsible for the electrocardiogiap nc 
changes. 
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CONCLUSION'S 

Evidence derived from our o.ra observations and from > reports in 

t „e literature indicates tM ** to the i typ i 
is, in the overwhelming ««rt »1 « 0 ^ ^ patient js 

persons, rheumatic heart disease is the moie J , , } 

deuce of the pattern T, < T 3 in other diseases, such as » 

uremia, congenital heart disease, vitamin deficiency, and tnchinoss 
is rare and almost negligible. A vertical position of the heart, m 
absence of heart disease, and pulmonary emphysema may also occa- 
sionally cause reversal of the ratio of voltage of Ti an 3 . 


SUMMARY 


Forty-five cases, in which the electrocardiographic pattern T x < T 3 
occurred in the absence of inversion of T, are reported. In /5 per cent 
of the cases, clinical and laboratory data furnished dependable evi- 
dence of the presence of recent or old myocardial infarction. In the 
remaining 25 per cent there were symptoms and signs suggestive of 
coronary arteriosclerosis and ischemic myocardial necrosis. Similar 
cases are cited from the reports of others. 

Under normal conditions T, is of greater amplitude than T 3 . Re- 
versal of the ratio of voltage is occasionally observed with a vertical 
position of the heart in the absence of heart disease, and with pulmo- 
nary emphysema. In the overwhelming majority of cases, the pattern 
Tj < T 3 is equivalent to the T, pattern of myocardial infarction. It is 
also occasionally observed in rheumatic heart disease, and in rare cases 
of congenital heart lesions, thyrotoxicosis, anemia, vitamin deficiency, 
uremia, and trichinosis. 


^ lien the pattern Tj 1 3 occurs in persons over 40 years of age 
who give a history of angina pectoris, myocardial infarction should 
he considered first in the diagnosis. The pattern < T 3 may indicate 
recent or, more often, old myocardial infarction. It is of particular 
value in the recognition of infarction when other electrocardiographic 
cianges are absent and the tracing appears to be “within normal 
Joints. In young persons, rheumatic heart disease is the most fre- 
quent condition underlying the pattern T x < T 3 . 
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the effects of Various SULFONAMIDE DRUBS ON THE 

ELECTROCARDIOGRAM OF THE DOG 

Roberta 1L>fke« PhD, M. Ghhshmbr, PhD, MD. 

and Grace E. Wertenberger, Ph.D. 

Philadelphia, Pa. 

A LTIIOUGH a great many papers have been published concerning 
A the effects of various sulfonamide drugs on liver, central nervous 
system, kidney, etc., relatively few have dealt with the effect of these 

drugs on cardiac muscle. „ 

Nelson 1 reports histopathologic changes in the cardiac muscle o 
rabbits and hens. In a group of twenty-one rabbits to which fatal 
doses of sulfanilamide had been given, fourteen hearts were examined. 
All sections were negative, and two on which fat stains were made 
were fat -free. In a second group of fifteen rabbits which received 
fatal doses of sulfanilyl sulfanilamide, twelve hearts were examined, 
and eleven of these were negative. In a group of seventeen hen hearts, 
however, twelve were negative, two were fat-free, and five showed 
myocardial damage. Hawkins, 2 reporting on the pharmacologic ac- 
tions of sulfanilamide, states that it has almost no action on the heart 
of the frog. Litchfield, 3 who also used sulfanilamide on frog hearts, 
reported no apparent effect on rate, amplitude, or type of contraction 
with concentrations below 300 mg. per cent. Using a much higher con- 
centration (800 mg. per cent) on one heart, he found slowing in rate, 
decrease in amplitude, and rapid cessation of activity. Mendenhall 
and Shrceve, 4 who also worked with the frog heart, reported that the ef- 
fect of sulfanilamide (0.25 per cent solution) is stimulation followed by 
depression. The effect is progressively more depressive as the concen- 
tration of sulfanilamide is increased. 

On the other hand, Barnes, 5 who studied turtle hearts, reports “the 
excised auricles of the turtle are chronotropically and inotropically 
stimulated by 1 per cent sulfanilamide. The oxygen consumption of 
slices of ventricle of the turtle heart is not affected by 1 per cent 
sulfanilamide.” 

Dozzi 0 reports one case of transient nodal rhythm, and myocardial 

damage in man following the use of sulfanilamide. Scheinberg and 

Ingle- also present evidence suggestive of myocardial damage in man 

Each of these, however, is a report of a single case, and in one of them 7 

“C” of electrocardiogram previous to the adminis- 

tration ot the drug. 

T„ssr ac *—"» O— «» 

U revived for publication Oct. S, 1012. 
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Recently, French and Weller, 8 in an extensive pathologic study of 
238 patients who had been given sulfonamide drugs, reported inter- 
stitial myocarditis in 126 cases. They found that a similar condition 
was produced in the hearts of mice and rats by daily intrap eritoneal 
injections of neoprontosil, sulfanilamide, sodium sulfapyridine, and 
sodium sulfathiazole. 

Hie present study was undertaken to show the effects of various sulfonamide 
drugs on the electrocardiogram of the dog. The series includes sixteen dogs. 
These animals were trained to lie perfectly still (unanesthetized) while the elec- 
trocardiogram was being taken. Prom nine to sixteen control tracings, over a 
period of two weeks, w r ere taken on each animal before the drug experiments 
were begun. 

All of the drugs were administered intraperitoneally. They were distributed as 
follows: sodium sulfapyridine, six dogs; sodium sulfathiazole, five dogs; and 
sodium sulfadiazine, five dogs. Of this group, each drug was used on one dog in 
a 2S-hour experiment (discussed later). The other thirteen experiments were 
carried out in a series. Each series represented eight to seventeen daily doses, rang- 
ing from 0.15 Gm. to 0.2 6m. per kilo of body weight. These were given on four 
to five successive days, and rest periods of one week were allowed between series. 

During the 28-hour experiment, the concentration of the drug in the blood was 
ascertained by the method of Bratton and Marshall^ using the photoelectric 
colorimeter. The concentrations attained gave the same toxic effects which have 
been repeatedly reported in both man and experimental animals, namely, loss of 
appetite, nausea, vomiting, and kidney involvement. These toxic effects were 
observed in each case in the weekly series, although blood levels were not 
routinely ascertained. 

Six hundred forty-two tracings (Lead H) were analyzed. These were measured 
for heart rate and conduction time (P-R interval), and carefully checked for any 
abnormality of rhythm or conduction. 

In several of the animals, an increase in heart rate, with a corre- 
sponding decrease in P-R interval, was observed in the tracings taken 
three to four hours after the administration of the drug. The rate 
and P-R interval had returned to normal within twenty-four hours. In 
two dogs, ventricular premature systoles were present irr a few trac 
ings. Also, in several dogs, T z was inverted. However, this inversion 
is rather common in dogs, and the form of the wave did not appeal 
altered by the administration of the drug. 

Aside from these changes, in no case was there any apparent nryo 
cardial damage due to the drug. 

In order to reproduce as nearly as possible the conditions * n aC * 1 a 
infections in which the drug is given in a large initial dose, fo c ^ 
by smaller doses at three- or four-hour intervals, a 28-hour experrmen 
was performed. 

Four dogs were used — one control, and one each for sodium su 
pyridine, sodium sulfathiazole, and sodium sulfadiazine. 

On each animal, control electrocardiograms (eight to sixteen hr mi' 11 
her) had been taken during the two weeks preceding the test. n ia 
day of the experiment, at 2 p.m., an electrocardiogram was -ta cen an 
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blood drawn from the jugular vein for blood sugar, pH, a g 
ccntralion estimations. Drugs were injected nmnediatelj afterthis 
codure in each case; 0.2 Gm. per kilo of body weight was the nut a 
dose, followed by 0.1 Gm. per kilo at four-hour intervals, until a 

of six doses had been given. 

The results of these 28-hour experiments are shown in the tables. 
Control dog 1 was given sodium sulfadiazine (0.2 Gm. per kilo) daily 
from April 13 to 17— five doses in all. On April 25, eight days later, 
she was used as the control for the 28-hour experiment. As can be 
seen from Table I, there were still traces of sodium sulfadiazine m the 

blood. 


tPAUT.t! T 


Dog 1 Control 


(28-Hour Experiment) 


PROCEDURE 

TIME 

DRUG LEVELS IN 
FREE TOTAL 

BLOOD 

COMB. 

bI.s. 

pH. 

H.R. 

P-R 

Control 

2 r.M. 

7.8 

6.7 

0 

52 

7.34 

57 

0.130 

1 

6 P.M. 

— — 





47 

7.30 

77 

0.120 

9 

10 P.M. 

4.5 

4.5 

0 

51 

7.32 

— 

— 

3 

2 A.M. 

4.1 

3.8 

0 

37 

7.28 

84 

0.116 

4 

6 A.M. 

2.7 

2.3 

0 

36 

7.28 

64 

0.123 

5 

10 A.M. 

2.7 

2.4 

0 

54 

7.33 

76 

0.124 

6 

2 P.M. 

2.3 

2.3 

0 

56 

7.2S 

70 

0.124 


29 hours after drug 

had been discontinued 


77 

0.120 


Hi S.=Blood sugar (Somogyi-Schaffer) 
H. R.iHeart rate 

P-R=A-V conduction time in seconds 


Table II shows the effect of the administration of sodium sulfapyri- 
dine. There was a marked increase in heart rate, with a corresponding 
decrease in P-R interval, as the drug concentration in the blood in- 
creased. Twenty-nine hours after the drug had been discontinued, the 
heart rate fell and the P-R interval increased correspondingly. 


Table II 

Dog 2 Sodium Sulfapyridine 
(28-Hour Experiment) 


procedu re 

Control 

1 


TIME 


DRUG LEVELS IN BLOOD 
FREE TOTAL COMB. 


3 

4 

5 

6 


2 p.M. 
0 P.M. 
10 r.M. 
2 A.M. 
0 A.M. 
10 A.M. 
r.M. 


0.13 

21.5 

20.6 
32.4 

34.3 
37.7 

40.3 


0.13 

20.5 

27.5 

32.4 

35.3 

38.5 

41.4 


0 

1.1 

0 

1.0 

.8 

1.1 


_20 tours after drug had been discontinued 


Bl.S. 

pH. 

h.r. 

P-R 

75 

7.34 

86 

0.100 

84 

7.23 

136 

0.104 

84 

7.24 

150 

0.096 

126 

7.22 

139 

0.096 

63 

7.28 

139 

0.096 

69 

7.24 

158 

0.099 

72 

.nued 

7.24' 

176 

77 

0.0.96 

0.124 


Table III, which depicts the effects of fho Q a • - , 
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Table III 

Dog 3 Sodium Sulfadiazine 
(28-Hour Experiment 1 



1 

2 

3 

4 

5 

6 


Table IV 

Dog 4 Sodium Sulfathiazole 
(28-Hour Experiment) 



2 

6 

10 

2 

G 

10 

2 


P.M. 

P.M. 

P.M. 

A.M. 

A.M. 

A.M. 

P.M. 


0 

12.1 

10.2 

12.3 

12.9 

11.0 

11.8 


0 

12.2 

10.4 

13.8 

13.6 

11.1 

13.0 


0 

0.1 

0.2 

l.o 

0.7 

0.1 

1.2 


65 

57 

57 
72 

58 

59 
71 


29 hours after drug had been discontinued 


7.34 

7.35 
7.34 
7.32 
7.32 
7.32 
7.31 


80 

86 

94 

109 

107 

92 

78 

102 


P-R 

0.124 

0.124 

0.120 

0.116 

0.114 

0.124 

0.116 

0.112 


i espondingly decreased P-R interval, as the drug concentration in the 
blood increased. Twenty-nine hours after the drug had been discon- 
tinued, the heart rate was still above the control. This increase had 
disappeared when a tracing was taken four days later. 

All tracings obtained during the 28-hour experiment were carefully 
checked for abnormalities of rhythm and conduction. The results con- 
firmed those obtained in the series experiments. In no case in this 
study was any myocardial damage found which could be attributed to 
the use of the drug. 

Except for two dogs which died of distemper during the year, the 
others remained in apparently splendid physical condition. 

SUMMARY 

Experiments were performed on sixteen dogs to show the effects of 
various sulfonamide drugs. Sodium sulfapyridine, sodium sulfadiazine, 
and sodium sulfathiazole were used. 

Six hundred forty-two tracings (Lead II) were taken, and measured 
fd heart rate and P-R interval. All were carefully checked for abnor- 
malities of rhythm or conduction. 

No evidence of myocardial damage which could be attributed to the 
drug was found in this study. 
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THE BASAL WEIGHT LEVEL IN THE TREATMENT OF 
CONGESTIVE HEART FAILURE 

Joseph I. Goodman, M.D., and Joseph F. Corsaro, M.D. 

Cleveland, Ohio 

I ’HE foi emost question in the mind of the physician when dealing 

I with congestive heart failure is: “How can I attain and then main- 
tain a completely edema-free state for my patient?” This, of course, 
is the goal toward which diuretic therapy should he meticulously di- 
rected. Previous reports 1 ’ 2 have emphasized the value of a graphic 
record of the daily weight of the_patient in the treatment of congestive 
heart failure. Its’ advantages have been pointed out in those papers 
and will not be reviewed here. 

It occurred to us, however, that an accurate daily weight record 
could provide the instrument by which the physician would be certain 
to know when his patient had attained the ideal state. As will be 
shown, it is possible to remove all of the edema from the extracellular 
tissue spaces by the intensive use of mercurial diuretics. This end 
result is designated as the “basal weight level.” It should be pointed 
out that this term does not represent merely the disappearance of 
edema in the usual sense, but actually describes a state, as indicated 
by the weight chart, in which no additional fluid can be driven out of 
the body by the further use of diuretics. 

We present here a simplified procedure which has been used to 
bring about and maintain this “basal weight level” in seventeen pa- 
tients who have been followed continuously for periods varying from 
76 to 977 days (Table I). 

At present, all except five, who have died, remain under our obser- 
vation. Another woman, who recently developed congestive heait 
failure of hypertensive origin, was also treated in this way, and hei 
weight chart is reproduced in Chart I. Although she is not included 
in the group of seventeen cases which were studied at greater length, 
her chart shows a characteristic type of response, and further signifies 
the ready applicability of this system of therapy. 

The procedure which is used in these cases may be describe as 
follows: The patient, in the usual hospital gown, is weighed aiy, 
before breakfast, and the weight is recorded on the chart (Chart 
Fluids are not restricted. Digitalis is employed in the accepted dosage 
as the need arises in each case. Ammonium chloride is given in 
usual dose of 90 grams (G Gnr.) daily. A mercurial diuretic is a 
istered on alternate days. It is preferred that 2 c.c., togetrer vr 

'From the Cuyahoga County Nursing- Home, Cleveland, Ohio. 

Received for publication Oct. 14. 1942. 
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GOODMAN AND CORSARO . 


BASAL WEIGHT LEVEE 


f . t0 2 per cent procaine hydrochloride solution 
an equal amount of 1 to 2 pci I ^ ^ morning (preceded at 

be given intramuscular j ni o ^ Usually a more or less rapid 
the outset by a test dose of 0.. • •) ehart (Chart I), until a 

weight loss results as ^ can m ^ ^ the height of the 

“e" ^ although the trials continue to he tn- 

jeeted on alternate days as before. 


liillll!!!!!!!! 
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THE BASAL WEIGHT LEVEL. 


Chart I. 


S = Z CC Salyr^an- Theophylline. 
Medication- Digitalis ^r.tfj 'q.d 
Ammonium Chloride t*r t.L.d. 


It is arbitrarily considered' that the “basal weight level” has been 
reached when the daily weight changes do not exceed a 5-pound range 
for a period of fourteen consecutive days. (This area can be conven- 
iently shaded in colored crayon.) At this juncture the mercurial is 
discontinued until further need for it is indicated on the chart by any 
rise in the weight above the “basal weight level.” The frequency 
with which the mercurial injections are required seems to be some- 
what proportional to the severity of the underlying heart disease. 
For example, in some cases the injection must be given as often as 
every other day for an indefinite period in order to maintain the pa- 
tient at. his “basal weight level,” whereas, in others, the patient’s 
weight is so constant that it may he represented by a straight line. 
It has been the policy in the latter group to utilize a so-called “trial 
dose” in order to avoid an undesirable accumulation of fluid. 


* In “A lb-view of the Toxic Manifestations of Weromi-il r>in>-nt;o„ ■ -it 
I> eOraff nml Nadlcr* comment that "in the reported S o ?udden ,Wh 
meicurml injection no deaths have been reported from the administmtion ^ rom 

curia! diuretics intramuscularly or l.v rectum ot . f'T T? r “ 

of the mercurials has been used exclusively in our swie” within? l‘ imi mstr a tion 
reactions. Furthermore, the diuresis after such i n lection i 6 it, 11 T. 10ut any untoward 
Prohahiy more prolonped than when file Int^noKethod and 
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GOODMAN AND CORSARO : 

"ZZZcL can be demonstrated clinically, but the 
detects and eliminates this undesirable accumulation of J latent fluid 
-ell within the 5-pound limit of the “basal weight leve (see a 
Tt is unnecessary to wait for the reappearance of gross edema as 
an indication for the next mercurial injection, and, therefore, edema 
as such does not exist under this regime. Any system of therapy which 
embraces diuretics in the management of congestive cardiac failure 
and employs the clinical detection of edema as a guide must take into 
account the continuous presence of latent fluid in the tissues. On t e 
other hand, the patient at the “basal weight level” is maintained at 
all times in an edema-free state. 

It is to he noted that this method employs at the outset a more fre- 
quent rate of administration than is customary with the intravenous 
route, hut we feel that this is the very reason for its success, because 
a more continuous diuresis is established. 

We have been keenly aware of the possibility that various untoward 
effects might result from such an intensive use of mercurials. Usually, 
renal and gastrointestinal disturbances are the reactions which are 
associat ed with the use of mercury in toxic doses. 

DeGraff and Nadler, 3 in describing changes produced in the kidney 
by mercurial diuretics, emphasize the degeneration of the tubular 
epithelium. They state that the abnormalities in the urine produced 
by irritation from mercurial diuretics appear in the following order: 
(1) casts. (2) albumin, (3) leucocytes, and (4) erythrocytes. Several 
instnnces'of mild renal irritation from mercurials have been reported 
by Sprague and Graybiel, 4 Herrmann and Decherd, 5 Klinghoffer, 8 
Brown and Englebach, 7 and others. In a series of thirty autopsies on 
patients who received salvrgan during life, Tarr and Jacobson 8 found 
only one patient with a renal lesion suggestive of mercurial intoxica- 
tion. In our series of five deaths (Table I, Patients I to 5), four 
autopsies were performed. No indication of tubular damage was found 
in any case, although in one there was evidence of cloudy swelling of 
the kidneys. We have focused our attention on the urine in every 
ease, and reference to Table I reveals that, over a long period of ob- 
servation, during which as many as 200 or more injections were given 
urinalysis in most cases actually showed a striking improvement, rather 
•an the development of renal damage. This improvement is more 
ban hkely due to the disappearance of the passive congestion in the 
U neys. No gastrointestinal symptoms, such as stomatitis, salivation 
and hemorrhagic colitis, occurred in our series ’ 

Scott, and 

Mercurial diuretics. Hence, with our metlod, there 
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bicuspid aortic valves and bacterial endocarditis 

Simon- Ivoletsky, M.D. 

Cleveland, Ohio 

/CONGENITAL cardiac defects, especially a bicuspid aoitie Aahe, 
C have irenerally been assigned an important role in the pathogenesis 
of bacterial endocarditis .- 3 Such defects are considered to be suscep- 
tible to the development of endocarditis. 

Among fifty adult hearts with bicuspid aortic valves, there were 
eight with superimposed bacterial endocarditis. Analysis was under- 
taken to ascertain the relation of the bicuspid lesions to the bacterial 
disease. The results do not support the view that a congenitally bi- 
cuspid aortic valve is a significant precursor of bacterial endocarditis. 


MATERIALS AND METHODS 


The material consisted of eight adult hearts, all with a bicuspid aortic valve 
which was the seat of bacterial endocarditis. The hearts were studied grossly 
and microscopically to ascertain (1) the type of bicuspid aortic valve, (2) the 
nature and distribution of the bacterial disease, and (3) whether or not there 
were stigmas of rheumatic fever. 

The type of bicuspid lesion was established by study of the raphe, or ridge, 
behind the conjoined aortic cusp. The gross appearance of each raphe was noted, 
and then transverse or longitudinal microscopic sections were obtained. Serial 
sections were made in several instances. The preparations were stained with 
hematoxylin and eosin, Weigert’s method for elastic tissue, or the combined 
Wcigert and Van Gieson methods for elastic and fibrous tissue. 

The bacterial lesions were subdivided into acute bacteria] endocarditis and 
endocarditis lentil (subacute bacterial), depending on their gross and microscopic 
character. An important morphologic criterion of endocarditis lenta is the pres- 
ence of organization tissue at the base of the vegetations. The valvular distribu- 
tion of the lesions was noted in each heart. 


To detect rheumatic stigmas, the hearts were subjected to microscopic study 
of blocks made according to the method of Gross, Antopol, and Sachs, o and nu- 
merous additional sections were made from the valves. 

Only unequivocal stigmas of rheumatic heart disease were accepted. Grossly 
such stigmas include thickening, shortening, and commissural fusion of the valves, 
especially the mitral and tricuspid, thickening and adhesion of the chordae tendineae’ 
nodular thickening and wrinkling of the left atrial endocardium, and fibrous peri- 
cardial adhesions. Characteristic microscopic lesions consist of vascularity exu- 
date, and fibrosis in the attachment and free portion of the valves, involving 
especially the auricularis layer of the mitral and tricuspid valves and the ven- 
tneuhms layer of the semilunar valves, vascularity and reduplication of the 

i last tea of the endocardium of the left atrium and the subaortic angle, and Aschoff 
nodule s in the myocardium. s ’ ^senon. 

nJoirn’ls l !!f Oh ; v‘S"ml. ° f P:Uhol ° py - Western Reserve University, and University 
Received for publication Oct. 19, 1940 
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Lesions of Rheumatic Fever .- In every ease, including the cong^tal 
bicuspid lesion, the aortic valve showed gross changes ^dicatne ^ 
rheumatic disease. The cusps were the seat of slight tom^ ' 
oni „ K especially along the line of closure. In the conjoined cusps 
thickening was generally prominent in the region ov t 

commissural raphe. Calcific nodules were present m slight 01 moderate 
amount in five cases, either in the substance of the cusps or projecting 
into the sinuses of Valsalva. Inrolling of the free margins was ob- 
served in two instances. In only one case, that of an acquired bicuspid 
aortic valve, with the raphe at the commissure A, was there additional 
commissural fusion, namely, a submarginal adhesion at commissure B. 

Microscopically, the aortic cusps generally showed lesions charac- 
teristic of rheumatic fever, such as fibrosis, vascularity of the attach- 
ment and free portion, and calcific deposit. 

Gross rheumatic stigmas other than those of the aortic valve were 
observed in six of the eight hearts. Chronic, nondeforming mitral 
valvulitis was present in six eases, nondeforming tricuspid valvulitis 
in two instances, nodular thickening of the left atrium in two in- 
stances, and pericardial adhesions in one case. In two hearts with 
acquired bicuspid aortic valves which were the seat of acute bacterial 
endocarditis, no conclusive, gross, rheumatic stigmas were found out- 
side the aortic valve. In the heart with a congenitally bicuspid aortic 
valve, there was a nondeforming rheumatic lesion of the mitral valve. 

Seven of the eight hearts revealed definite microscopic evidence of 
rheumatic disease in situations other than the aortic valve. There 
were lesions of the mitral valve in seven cases, of the left atrium in 
three cases, and the tricuspid valve in three instances. Aschoff nodules 
were seen in the left ventricle in one case. In one of the two hearts 
which showed isolated rheumatic aortic valvulitis in the gross, the 
microscopic stigmas of rheumatic fever were also limited to the aortic 
valve. In the heart with a congenitally bicuspid aortic valve, rheu- 
matic stigmas were present in the mitral valve and left atrium. 


Early writers on the subject of bicuspid aortic valve did not dis- 
tinguish clearly between congenital and acquired types . 7 ' 9 Although 
he possibility ot acquired origin was admitted, it was generally thought 
!>a< most of the lesions were congenital. Osier" held this view on the 
' ,S ° pl0ss eI1<ei * a vdiich are now known to be inadequate . 10 ’ 11 The 
requent association of a bicuspid aortic valve with bacterial endo 
eaiditis was attributed to the assumption that the congenitally defective 
Ossue is susceptible to bacterial invasion. detective 

t wcen'wngenit a^aml morphologically be- 

their attention espcciallv to the coimo '111° 'f®' They directed 
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distal mrt of the ridge. This junction generally occurs m an 
inverted Y-iaped manner, with the aortic wedge overlapping tie 
annulus both anteriorly and posteriorly, and with the posterior ovei- 
lap usually descending to a lower levelthan the anterior 
the junction is beveled, and the elastic wedge is either entnely ante 

rior or posterior to the annulus. . „ 

The raphe of acquired bicuspid aortic valves consists of a firm oblique 

ridge of connective tissue, usually wider distally than proximal y, 
often symmetrical, but sometimes irregular or distorted, especially 
when calcific, deposit is present. Occasionally the raphe is markedly 
depressed, and occupies a horizontal position at the bottom of the 
sinus of Valsalva. 13 The microscopic structure is distinctive. The 
raphe is composed of dense hyalinized fibrous tissue, may 01 may not, 
show calcific deposit, and has practically no elastiea. Vascularity and 
exudate arc observed, especially in the distal and basal portions. The 
junction between annulus fibrosus and aortic media occurs at the prox- 
imal origin of the raphe, where the media terminates posterior to the 
annulus. 

The original review of protocol records at the Institute of Pathology 
revealed only eight acquired bicuspid aortic valves in 3,500 consecutive 
autopsies. 12 Since then, further experience has shown that the ac- 
quired lesion is much more common than this figure would indicate. 
Moreover, in adults it is considerably more frequent than the con- 
genitally bicuspid valve. For example, in approximately the last three 
years there have been twelve acquired lesions in adults, as compared 
to one adult congenital lesion in 1,200 consecutive autopsies. In the 
past, instances of bicuspid aortic valve were undoubtedly overlooked. 

Our present figures on bicuspid aortic valves are as follows. A total 
of fifty bicuspid aortic valves in adults, collected from the autopsy 
material of University Hospitals and several other Cleveland Hospitals, 
have been studied. The lesions were divided into acquired and con- 
genital types, according to the criteria enumerated. Forty of the 
bicuspid aortic valves were acquired and ten were congenital. Of the 
latter, five were of simple type, i.e., with two normal cusps and no 
congenital ridge, whereas five revealed a conjoined cusp subdivided 
by a congenital ridge. 

Thus, the great majority of bicuspid aortic valves in adults in our 

<,Xin " T1 ""f far ’ , ' U ' e f q - ,irCd ’ a Sma11 number a ^ congenital in 
M \ h r, former coni;lus,on coincides rather closely with the obser 
!?"* Gross - lhs suggestions, however, that congenitally bicuspid 
' ’ ! ? alm ar< ; c«»fi»cd to children, and that the criteria for their 

i cognition are invalid, are not acceptable. Gross's qtnrhr 
ably handicapped bv absence in his material f ^ Was l n '°b- 

tally bicuspid aortic" valves in infants m . child™ TS, i' 01 ’ 5 ™' 

“ rr^ k ' Si0,,S " 0re >>"*»< •ftong the s Ktecn ad ,’t , ’ e n 
aortic valves which he described. * 1 adult ^cuspid 
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nn flip basis of Lewis and Grant’s work, tlie authors generally assume, 

without "morphologic study, that the bicuspid lesions | ™ e ““ 8 “’ "j 
Starling 15 found four bicuspid aortic valves among thnteen case 
endocarditis lento. Thayer'* reported three bicuspid lesions among 
twenty hearts with acute streptococcal bacterial endocarditis involving 
the aortic valve, although there were no such lesions in twenty-six 
similar cases of subacute type. Fulton and Levine 1 ' observed two 
bicuspid aortic valves among thirty hearts with subacute bacterial 
endocarditis. In twenty-eight eases of subacute bacterial endocarditis 
in patients over 40 years of age, Bayles and Lewis 18 found three bi- 
cuspid aortic valves (11 per cent). Braunstein and Townsend 19 re- 
ported seven bicuspid lesions among fifty-eight cases of bacterial endo- 
carditis; that they regarded the lesions as congenital is not stated. 


Such data indicate that bicuspid aortic valves form a distinct type 
of underlying valvular defect in bacterial endocarditis. The lesion 
occurs in 6 to 12 per cent of cases of bacterial endocarditis. No ade- 
quate distinction between acquired and congenital lesions lias been 
made, however, and no information offered regarding the presence of 
rheumatic fever, so that the importance of each type of bicuspid aortic 
valve in relation to the bacterial disease cannot be ascertained. That 
all the bicuspid lesions were congenital is doubtful. 

The present study lends no support to the view that a congenitally 
bicuspid aortic valve is a significant precursor of bacterial endocarditis. 
It indicates that most bicuspid aortic valves in adults are acquired, 
and, in this respect, confirms the observations of Gross. Congenitally 
bicuspid aortic valves in infants and children are apparently not sus- 
ceptible to bacterial disease. Of fourteen such lesions studied by the 
author, none showed superimposed bacterial endocarditis. The rheu- 


matic nature of acquired bicuspid aortic valves readily explains the 
frequency of superimposed bacterial infection. In general, no con- 
genital valvular defect can be considered as having led to the develop- 
ment of bacterial endocarditis until the presence of rheumatic disease 
lias been excluded. 

Consideration was given to tlie possibility that the bicuspid lesion 
per so, apart from, or in addition to, the underlying rheumatic dis- 
hti'l Tf' ! spo . se t0 bactevial endocarditis. This was suggested 

fined toTl r U ^ 0t eight cases ' tbe baeteri al disease was con- 
The' we a ° valve - The problem was approached statistically 
Hick ueie seven cases of bacterial endocarditis among forty acquired 
bicuspid aortic valves, an incidence of 17 per cent In commit + i 
general incidence of bacterial disease t 

m , Howeve "’ ^ 

•1.0 UCTtfa lesion, there were fourteen eases of 
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A TILTING BALLISTOCARDIOGRAM 

Robert W. Wilkins, M.D. 

Boston, Mass. 

TN ORDER to facilitate the use of the ballistoeardiograph in anj 
I position, it was desired to incorporate one within a tilting tab e 
Such an arrangement would allow ballistocardiograms to be made 
immediately after changes in position, requiring a minimum of eftoi 
and cooperation on the part of the subject. 

The chief difficulty encountered was the arrangement of a system 
for recording the motion of the ballistoeardiograph in any position. 
This was overcome by means of a flexible lead tube attached to a 
Hamilton optical manometer. An additional advantage of this method 
was found to he the ease with which the ballistocardiogram could be 
recorded simultaneously on the same moving film with other physiologic 
measurements. 


DESCRIPTION or THE APPARATUS (FIG. 1) 


A light (22 pound), but rigid, bed was constructed,* using Vi inch 5-ply wood 
for the top, Vi inch board for longitudinal trusses, and cast aluminum brackets 
for the end supports. To the latter, at the four corners of the bed, were bolted 
the spring clamps which held vertical flat springs of tempered tool steel, He by 
Vi inch by 3 inches. The upper ends of these four springs, in turn, were held in 
spring clamps bolted to the frame (4 inch channel) of the tilting table. The axle 
of the tilting table rested in bronze bearings upon the supporting frame, which 
was so constructed as to allow a tilt of 75° in either direction. Into one end of 
the axle a bole was drilled and tapped to take the fitting of the lead tube of the 
Hamilton manometer. The hole was extended C inches into the axle, then around 
a right angle turn to emerge from the axle under the bed. This opening was 
tapped to fit a compressible copper bellows, the other end of which was fixed to 
a crossbar running between the middle and outside wood trusses. Thus, any mo- 
tion of the bed in relation to the axle caused a compression or extension of the 
bellows. The free stem of the bellows was drilled and tapped to take a needle 
'ul\e, "liicb allowed the bellows, the hole in the axle, the lead tubing, and the 
Hamilton manometer to he filled completely with a noncorrosive fluidt from a 
reservoir attached by rubber tubing to the side cock of the Hamilton manometer. 
The Hamilton manometer was then placed in an optical beam for recording. 

When not in use, the ballistoeardiograph bed was fixed in place within the 
tilting table frame by a screw at the end of the frame. The side cock on the 
Hamilton manometer was always left open to the reservoir until a record was 
ready to he made. This avoided undue motion and strain of the diaphragm in 
the ii end of the manometer. 
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ri(r . o. Xormal ballistocardiograms 


in different positions. 
C, bead down 20 . 


A, Upright 75° ; B, horizon- 
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TIME “ 


Fie. 3.— -Optical record of respiration (inspiration down), ballistocardiogram 
t horizontal position), arterial pressure (Hamilton method), and venous pressure 
(Hamilton method) in a normal subject 
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COMPARISON OF THE VALUE OF THE WELTMANN 
REACT] ON AND THE ERYTHROCYTE SEDIMENTATION 
RATE ^N PATIENTS WITH RHEUMATIC HEART DISEASE 

Sidney Scherus, M.D., and Dexter S. Levy, M.D. 
TUt.ttmore. Md. 


r-p]]IS report is concerned with an analysis of the Weltmann seium 
1 coagulation test in a group of patients who had recently had r eu- 
matic fever, and a comparison of the value of this test with the erythro- 
cyte sedimentation rate. We were particularly interested in the prob- 
lem of whether the development of rheumatic valvular lesions is related 
to the severity of the original attack of acute rheumatic fever, or to 
subsequent recurrences of rheumatic activity which are not easily de- 
tected by ordinary methods, i.e., “subclinical rheumatic activity. It 
was thought that variations in the coagulation band, as ascertained by 
the Weltmann reaction, might occur during periods of occult rheu- 
matic activity, and that it would be informative to evaluate the use- 
fulness of this test in such a group of patients. 

The clinical course of rheumatic fever in eighty patients has been 
carefully observed during the past two years in an attempt to follow 
the gradual development of valvular heart disease. The patients were 
seen in the Cardiac Clinic and on the wards of The Johns Hopkins 
Hospital. Sixty patients had had acute rheumatic fever one or more 
times during the four years preceding this study. Signs of early 
mitral stenosis and insufficiency were present in seventeen, and twenty- 
five patients had marked rheumatic valvular lesions with cardiac en- 
largement. There were three patients with subacute bacterial endo- 


carditis, one of whom died during the period of observations, and two 
of whom had apparently recovered after sulfonamide therapy just 
before they came into this group. Thirty-six patients had no signs of 
rheumatic heart disease and were under observation since their last 
attacks of acute rheumatic fever-. 

The patients were ambulatory, except for two patients during at- 
tacks of acute rheumatic fever and polyarthritis, and for some of the 
others during occasional nonrheumatic illnesses. The ages of the pa 
t.enls ranged from 8 to 40 years, with the greatest frequency around 

8 ! 20 , aml 3o ycavs of a S e - Th ey were seen at regular intervals 
during the period of study, and were carefully questioned and ex- 
amined at each visit . Among the routine laboratory tests which were 
<_o^_ut each visit were the following: leucocyte count; hemoglobin. 

D °" nm0nt ° f MWHC,nC * ThC J ° hnS University- School or 
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scherms axd levy: rheumatic heart DISEASE 3d7 

noted after the boy bod hod epiotaxis .once the preceding 

... pp1 - i )Ut appeared otherwise normal. A Meek later le 
admitted to the hospital with acute rheumatic polyarthritis, and 
‘that time had a sedimentation rate of 32 mm. per hour and a coagula- 
Cd of zero. After convalescence the Wdtannn motion re- 
tnrned to a nor, not range of 6 or 7, and bos remained so for ove a 
vear The coagulation hand was normal for two weeks hefote 
sedimentation rate reached normal limits. This earlier return of the 
coagulation band to normal has been noted m other cases of lheumatic 

fever.’’ . . 

A Wcltmnnn reaction with a coagulation band of 5 was observed in 

two patients whose throat cultures yielded 25 per cent beta hemolytic 
streptococci at that time or several weeks earlier. There "were one 
hundred twenty instances of mild colds or coughs without fever, and 
in four of these a coagulation band of 5 was noted, as compared with 
an elevated sedimentation rate in forty-six. When there were asso- 
ciated fever and cough, however, seven short coagulation bands were 
obtained. 

In four instances a short coagulation band was found in a pregnant 
patient, but these same patients bad normal coagulation bands at 
either earlier or later dates during the same pregnancies. 

There were two patients with persistently elevated sedimentation 
rates. The first (History No. 107988) had pelvic thrombophlebitis in 
1939. Her sedimentation rate had been elevated long before this, and 
she suffered with rheumatoid arthritis. She complained of occasional 
mild discomfort, and had sedimentation rates between 23 and 49 mm. 
per hour, corrected, during a thirteen-month period of observation in 
1940 and 1941. During this time her coagulation band was always 6 
or 7, and she was well except for an occasional cold. The second pa- 
tient .(History No. 150784) with a persistently elevated sedimentation 
rate (12 to 24 mm. per hour, corrected) had a swollen ankle or slightly 
aching knee at times, and suffered with mild chronic arthritis. How- 
ever. her coagulation band was reduced (C.B. = 5) only on one occa- 
sion, when she had a temperature of 99.4° orally, and swelling and 
tenderness of a finger joint which were relieved by aspirin. 

'1 here was no clinically quiescent patient with a persistently abnor- 
mal Weltmann reaction, nor was there a patient with acute rheumatic 
lever and normal Weltmann reactions at that time. We could discover 
no relationship between persistently prolonged coagulation bands and 
the progressive development of rheumatic heart disease in the patients 
observed during the period of this study. 1 

Ik Clinical Significance of Abnormal Coagulation Band « t,v * 7 

of * "'™> ™-Ta E dlL" ,!1 ” e cons,d - 


nificance of an abnormal result. 


ns to the sig- 
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Five hundred six tests of each type were made when symptoms 
si,r„s of active disease were not noted. On such occasions there weie 
910 elevated sedimentation rates and 84 abnormal coagulation bands. 
Prolonged coagulation bands were more common than shortened coagu- 
lation bands when no symptoms were present. This again suggests 
that a shift to the right may reflect proliferative healing processes m 
the absence of clinical activity. 


C. Statistical Relationship Between Weltmann Reaction and Sedimen- 
tation Bate. — In 610 instances the same specimens of blood were used 
for a determination of the coagulation band and of the erythrocyte sedi- 
mentation rate (Wintrobc method, with correction for volume of 
packed red cells). The distribution of these results is shown in Table 
Iir. Dr. Marie Cakrtova, of. the Statistical Department of the Johns 
Hopkins Hospital, was kind enough to subject these figures to statisti- 
cal analysis, and her preparation and analysis of Tables IV and Y form 


the basis for this part of the discussion. 


Table III 

Comparison of Coagulation Band and Corrected Erythrocyte 
Sedimentation Bate 
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TOTALS 

1 

0 
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37 

223 

257 
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Table IV 

Comparison of Coagulation Band and Corrected Erythrocyte 
Sedimentation Rate 


COLUMN NO. 

I II III IV V yi 

0-5 (shortened c.b.) 6-7 (normal c.b.1 

vh vm ix 

8-10 (prolonged 

X 

C.B.) 

SEDIMENTATION 
RATI; = MM./IIR. 

NO. 

. TESTS 97 

RATE NO. 

7c TESTS % 

RATE 

% 

no. 

TESTS % 

RATE 

7c 


0-10 

11-20 

21 imil over 

14 29.79 

16 34.04 

17 30.17 

4.14 279 5S.12 
9.8S 123 25.62 
15.45 7S 36.25 

82.54 

75.93 

70.91 

45 54.22 
23 27.71 
15 18.07 

1 3.31 
14.20 
13.64 

338 

162 

116 

V = j>c 

47 100.00 
rcentace of tot: 

4S0 300.00 
il number of tests i 


83 100.00 


610 


C.n. = Coagulation bawl. 1 t,lis -^mentation rate. 

icst « «*« 
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limited range of sedimentation rates. More extensive experience m j 
demonstrate the relationship between lower coagulation hands 
higher sedimentation rates on a more gradual scale. • 


DISCUSSION' AND CONCLUSIONS 

To ascertain the value of the Weltmann serum coagulation test m 
detecting occult rheumatic activity, two things must he done. First, the 
variation in the coagulation band with easily recognized signs of disease 
activity should he determined, measuring the ability of the test to con- 
firm known signs of rheumatic activity ; for, if the Weltmann test does 
not confirm obvious manifestations, its value in indicating occult proc- 
esses is open to debate. After the sensitivity of this reaction to recog- 
nized clinical activity is thus ascertained, the next problem is to evalu- 
ate its usefulness in indicating occult rheumatic activity. 

The results in this series seem to show that a normal sedimentation 
rate and a normal coagulation band are equally significant in indicating 
tiie absence of clinical disease activity, as demonstrated by their infre- 
quent association with signs or symptoms of an active disease process. 
An abnormal Weltmann reaction, especially a short coagulation band, 
was more frequently associated with clinical disease activity than was an 
elevated sedimentation rate. The larger proportion of elevated sedi- 
mentation rates in the absence of clinical activity would suggest that 
an abnormal Weltmann result would be a more reliable indicator of the 
presence of an active process, and that this test would be of value in 
detecting possible subclinical inflammatory activity, such as may exist 
in patients with progressive rheumatic heart disease. 

The second aspect of the problem defined earlier would involve 
prolonged observation of a group of patients, to see whether patients 
with abnormal coagulation bands developed rheumatic heart disease 
more frequently than those with normal coagulation bands, in the 
absence of easily recognized signs of rheumatic activity. Only in this 
way could one draw valid conclusions as to the value of this test in 
detecting occult or subclinical rheumatic activity. This report covers 
only the first phase of the problem as described above, and certain 
other of our results. 


" bile the period of study of these cases has been insufficient to drav 
any conclusion as to the relationship between a persistently lengthenec 
coagulation band, a normal coagulation band, or a shortened coagulatior 
hand and the rate of progression of the rheumatic process the result- 
thus far obtained suggest that this test may be of value in pursuing sucl 
a study It is suggested that the Weltmann serum coaglC it b 
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2. There was no patient with clinically quiescent disease with a per- 
sistently abnormal Weltmann reaction, nor was there a patiei^ , ut 
acute rheumatic fever and normal Wdtmann reactions at that time. 

3 There was no relationship between persistently prolonged coagu- 
lation bands and the progressive development of rheumatic heart dis- 
ease in the patients observed during the course of this study. 

4. In a single determination, a normal coagulation band and a nor- 
mal sedimentation rate were equally accurate (93.9 and 93.1 pei cent 
of 449 tests, respectively) in indicating the absence of clinical disease 


activity. 

5 . An abnormal Wdtmann reaction, especially a shortened coagula- 
tion band, was more frequently associated with clinical disease activity 
than was an elevated sedimentation rate. 

6 . The statistically significant correlation between elevated sedi- 
mentation rates and shortened coagulation bands was pointed out, and 
the relationship of these results to an increase in alpha globulin in the 
blood was discussed. 


The authors are indebted to Dr. Bernard Davis for the electrophoretic analysis 
of the blood sera, and to Dr. Caroline Bedell Thomas and Dr. John A. Leutsclier for 
suggestions and criticisms. 
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HOLDER AND CRAWTORD: HEART DURING PREGNANCY 
completely disappeared. Mcllvoy 

toottrarParfec' “r^Uo 

These observations have been variously interpicted, but^rn gen^ 


nancy. 


oral ' two schools of thought exist : that these changes are a w 

rdiae liypcrtrophy and dilatation, or that they indicate displacement 


car 


and rotation of the heart. , . 

The literature on roentgenologic changes in the heart during pi g- 
nancy is even more confused. Gerliardt 10 observed that during ie 
later months of pregnancy the heart assumed a mitral shape. Hyne- 
man" stressed the elevation of the diaphragm and the transverse posi- 
tion of the heart during the third trimester. This was discounted by 
.Jenson and Norganrd, who found an increase in the diameters of the 
heart in, roughly, one-third of their eases. Hamilton and Thomson 
emphasized not only the general enlargement of the heart, but also 
the increase in the so-called normal hilar markings which may be mis- 
taken for abnormal pulmonary congestion by one unfamiliar with the 
roentgenograms of pregnant women. Landt and Benjamin 1- called 
attention to the encroachment on the anterior clear space by the right 
ventricle in the lateral view. 

In view of the vast differences of opinion, and the fact that no defi- 
nite conclusions may be drawn from the work quoted, it was thought 
that, a resurvey of the problem, using slightly different techniques, 
was warranted. 

For purposes of study, patients who were in the first trimester of 
their pregnancy, and had no history, signs, or symptoms of heart dis- 
ease were referred to us from the prenatal clinics. They were then 
examined by us to confirm the opinion that they were perfectly normal. 
Serial roentgenograms in the three standard positions were taken and 
repeated at three-month intervals during their gestation, and one and 
two or more months post parturn. Electrocardiograms, using the two- 
string electrocardiograph and thus securing Leads I and III simulta- 
neously. in order to calculate accurately the electrical axis, were also 
taken, and these were repealed at four-week intervals. All patients 
who did not. continue under our observation for their entire pregnancy 
and post -part urn period were excluded from the study group A lar«r e 
number of cases were observed, but only eighteen were followed 
throughout the desired period, and tins is the group reported. All 
the observations on the others confirmed those in this group 

EUdrocanli, graphic Changes.- The most outstanding changes in the 
electrocardiogram were confined to Lead HI. A prominent and -P 

X' d °f n '° T wm present in 8™ 

without alteration of the Q wave" bi'foiweales 11 ^TT V ° St 








nF\RT DURING PREGNANCY t 

UOI.I.ANDER AND < WTO« • , , the trend 

«... .< ** *• 

for 11.0 group ! '"rl t ,0 left during the W «* “cone 

axis undergoes » «",ft '„„ s t „ ,„ c right. This change 

trimesters of pregnancy, »»<> « c ' „„ superficial inspection 

in the entile » [ *• «“ »*” J hcu measurements were made, and 

of the electrocardiograms, hut ' ,. <Vms to Carter, Richter 

the angle of axis tli™*'™ ' " f method, the shift was 

and Greene’s'- modification 1 of the angle varied as much 

magnitude of the shift was, 

'rmtghljh'lh degrees (Table T, Figs. 1 and 2). 


3S POSTPARTUM 


t ,. *> patient M s Ca c e IS. Illustration of the shift of the angle of the elec^ 

trlcM axirfn a rUicr aiar^cteristic fashion. The numbers on the arrows indicate 
the time of gestation in weeks. 

Table I 

Electrocardiographic Observations 


cask 

NUMBER 


PATIENT 


MINIMUM 
ANGLE 
( DEGREES) 


MAXIMUM 
MONTH ANGLE MONTH 
( DEGREES) 


Qa ~ T 3 

CHANGES 



S 

4 

C 


41 

4 ' 

4 
8 
0 

5 
7 
G 
G 
7 
9 
7 


Deep Q, negative T 

Negative T 

Negative T 
Deep Q, negative T 

Deep Q, negative T 
Deep Q, negative T 

Negative T 

Negative T 
Deep Q, negative T 



Fig. 3. — Roentgenograms of Patient A. G„ Case 9. Patient ten weeks pregnant. 
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TABEE II 


EKING of ® 0 ^ arY WAIA. OF - 


CASE PATIENT 
XIIMBER 


MONART 

CONES 


OF EFFT 

anterior — ; -;- ox main 

J^i_SSS^SSS- 

V 


1 

2 

3 

4 


S 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 


I. H. 

K.B. 

C. M. 

A.P- 

S.K. 

F. O’H. 

t.b. 

V.B. 

A. G. 

E. P- 
>1. G. 

D. P- 
H. H. 

E. C. 

E. G. 
B.P- 
B. DiG. 
M.S. 


Y 

Y 

Y 

Y 


Y 


Y 

Y 


Y 

Y 


Y 


-jr 13. — 

Boe«tgenolos“ C ^^toTe\eei> taWat®* U a “ t'„v ®' Ia “ °j 
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. „ Tlli . ac currcd before the elevation of the diaphragm took place. 
C;, ” r and was move .My to be present »*. 

TIL ™ suftevin" from what he terms “gestatoiy heart dis- 

h C 

i„ the amplitude of the R wave and the increase m the depth the b 
wave in Lead III, with a resultant shift in the electrical axis, and the 
enrlv occurrence of this change, to hypertrophy and dilatation. Most 
investigators disagree with this. Although it has been shown • that 
the cardiac out nut is increased from one-third to one-half during ie 
hitter part of pregnancy, it is also true that moderately increased 
cardiac work does not necessarily lead to hypertrophy of the norma 
heart. Furthermore, it has been demonstrated that no observable 
cardiac hypertrophy is found in the guinea pig, eat, or dog, during 
pregnancy. 17 The appearance of a Q wave and the negativity of the 
T wave in Lead III are easily explained as a result of a positional shift 
of the heart. Colin and Raisbcck, 18 by rotating leads taken directly 
from the chest in a clockwise manner through an are from 80 to 120 
degrees, produced curves showing typical, large Q waves in Lead III. 
Inversion of the T waves in this lead similarly indicates a change in 
the position of the heart. The inconstancy of these changes weakens 
the argument for hypertrophy, for this should he present in all or a 
majority of pregnant women. In the eases studied, although rather 
marked changes occasionally occurred, the patients never manifested 
any evidence of heart disease. A further point against hypertrophy is 
that often Jlie.se changes disappear toward the end of pregnancy, when 
there is no reason to believe that hypertrophy should cease. It seems 
more logical to attribute the observed changes to displacement up- 
wards and laterally, with rotation around the long axis of the heart. 
The relation of the long and transverse diameters of the chest to the 
transverse diameter of the heart during pregnancy will influence the 
degree of shift which occurs. Thomson, Cohen, and Hamilton, 19 in 
comparing the relationship of the electrocardiographic changes in the 
different types of chest, found that the Q- and T-wave alterations were 
more evident, when the height, of the diaphragm most markedly af- 
fected the position of the heart. 

In reviewing our roentgenograms we were impressed by the simi- 
larity of the changes associated with pregnancy and those encountered 
m mitral disease. The posteroanterior view of the heart in mitral 
stenos.s almost invariably presents a characteristic appearance. Its chief 
distinguishing features are straightening or bulging of the left upper 
border as a result of prominence of the pulmonary conus and the left 
. C !' 1 " 1 ' » , »T" almcs inck,<ic elevation of the left main bronchi 


by the. enlarged loft auricle, the 


nK-roneed hilar shadow due to * b f • 

0t " ,C ™4 by pnlmenar^ 
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fact tha 1 the left upper border of the cardiac silhouette may become 
straightened during pregnancy in normal women is so well known that 
Gerhardt s phrase “mitral shape without mitral lesion” has been nsec 1 
to describe the picture . 10 Lately, particular attention has been directed 
to the use of roentgenologic methods in the differentiation of enlarge- 
ment of the individual chambers of the heart, and, in this connection, 
study of the barium-filled esophagus in the right oblique position is 
considered of paramount importance in the diagnosis of the enlarge- 
ment of the left auricle which is so commonly associated with mitral 
disease. Evans 20 states that “the alteration of the form of the impres- 
sion (i.e., left auricle) in the right oblique view in mitral stenosis is 
acknowledged as a valuable sign. Moderate distension of the left 
auricle produces a conspicuous left auricle impression in the right 
oblique position, but the significance of slight prominence of the im- 


pression is often difficult to assess. When adjudicating whether the 
curve is normal or abnormal in the adult, it is necessary to pay par- 
ticular attention to the upper segment of the impression because 
abruptness of this portion of the curve is caused by the atrial promi- 
nence of the left auricle. This is fed by the pulmonary veins which 
become distended in mitral stenosis. Thus, the barium meal is slightly 
delayed at the commencement of the impression and produces a sharp 
angulation to the right as viewed in this position.” Recent investiga- 
tions have shown that backward displacement of the esophagus in this 
position is not invariably caused by left auricular enlargement , 21 but 
may be the result, in a small percentage of cases, of a variety of con- 
ditions, e.g., congenital heart disease, aortic insufficiency, hypertension, 
auricular fibrillation, complete heart block, and aneurysm of the heart. 
It may also be present during gestation in normal women. In two oi 
the eighteen women in the present series this phenomenon was con- 
spicuous, and in eight of the others it was present in a lesser degiee. 

It seems possible to account for the indentation of the esophagus In 
some generalized increase in the size of the heart during piegnancj. 
The work of Thomson, Hirsheimer, Gibson, and Evans 22 has shown 
that the total blood volume increases from early pregnancy 
ninth lunar month; during the tenth month there is a definite dinnnu 
tion, and by the second month of the puerperium it has been lestoiec 
to the normal level. The time at which the reduction takes p ace i. 
usually the thirty-fourth to the thirty-sixth week. Burwell and ns 
co-workers 23 demonstrated that the cardiac output shows a • slinl 
trend of comparable magnitude. In our roentgenograms v 1 " e 
taken at the thirty-fourth week, the esophageal indentation t in *« ^ 
been present earlier in pregnanc.v had practically disappear ec . 
suggests that the increase in blood volume causes cardiac en ai n ein 
by increasing the quantity of blood in the heart. Our studies en c 
suppoi’t to the view that cardiac hypertrophy occurs dining n0 ” 
pregnancy’. If the enlargement were due to hypertiophy, one 
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expect, if it could occur at all. a gradual 
the relatively sudden change which takes 
the pregnancy. 


CONCLUSIONS 


decrease in size, rather than 
place at a particular time in 


1. Eighteen pregnant women were followed from the early months o, 
prvmanev to the post -part urn period by serial roentgenographie studies 
in the posteroanterior and left and right oblique views, with esopha- 
grams, and, also, by monthly electrocardiograms, using a two-string 
galvanometer to measure the changes in the electrical axis accurately. 

2. The outstanding roentgenologic change was an indentation of the 
anterior wall of the esophagus. This is attributed to an increase in the 
size of the heart as a result of the increased amount of blood it contains, 
in consequence of the increased blood volume. The transverse diametei 
of the heart was increased during pregnancy, but, as the diaphragm 
becomes elevated, it. is difficult, to assess the relative value to be placed 


on shift of position and increase in blood volume. 

3. The principal electrocardiographic changes were the frequent de- 
velopment of a deep Q wave and negative T wave in Lead III. The 
electrical axis changed, on the average, about 15 degrees. The reason 
for so slight a change when, roentgenographieally, the position of the 
heart would suggest a much greater shift in the axis may be attributed 
to the fact that the heart is not only shifted transversely, but is also 
rotated in its long axis. 


We wish to express our appreciation for the assistance rendered by Miss 
Eveline 1). Reynolds, who took the electrocardiograms, and to Dr. Richard A. 
ltendieh, Director of the X-Ray Department of the Kings County Hospital. 
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, kfbct of tbichwbbthylbnb on the human, 
canhnb and babbit elbcthocabdiogram 

F . CO, M.D., G. H. MakOUAm'T, M.D., i» S. C. Vmm. M.D. 

Chicago, III. 

a LTIIOUfiH triehlorethylene has been used in the treatment of an* 
A lina pectoris - its action on the cardiovascular system has no 
been extensively investigated. Only two short reports dealing with its 
cardiovascular effects are available , 3 * 4 and both came from the same 
group of workers. Since triehlorethylene may be useful in the pie- 
vention and treatment of angina pectoris, an extensive study of its 
action was undertaken. In this paper the electrocardiographic changes 
produced by the administration of triehlorethylene to human, canine, 
and rabbit subjects arc reported. 


EXPERIMENTS 


Uahbil Studio *. — In those experiments control elect rocardiograms were taken aftei 
tlu> animals had been resting in a basal-like state 5 for fifteen minutes, and test 
records were taken during amt after the inhamtion of triehlorethylene. In the first 
three experiments, normal rabbits, not previously used for any kind of experimenta- 
tion, were used, whereas, in the last two, the rabbits liad been anesthetized with 
triehlorethylene every day for a week. All of the rabbits were practically of the 
same weight (5 to 0 pounds). In this way, the effects of triehlorethylene on the 
electrocardiograms of rabbits never before anesthetized and on rabbits subjected 
to repeated anesthetization were studied. 

1'ig. 1 presents a series of records obtained from a rabbit which had never before 
been anesthetized with triehlorethylene. A is the control record; B and C were 
made after 1 c.e. of triehlorethylene had been given by inhalation, D, F, and F. 
after another cubic centimeter had been given by inhalation, G, after trichlorethy- 
lene had been discontinued for about five minutes, and II, after triehlorethylene 
h"d been discontinued for about fifteen minutes. The following effects may be 
aliened: marked slowing (B and C), pulsus bigeminus (P), and extrasy stoles (F). 

The records presented in Fig. 2 were obtained from the rabbit of Fig. 1 after the 
animal had been subjected to daily anesthetization for a week. A is the control 


record ; 7>. C, 1), F, F, and G were taken after 2 c.c. of triehlorethylene had been 
administer? 1 by inhalation, and II, after triehlorethylene had been discontinued for 
about fifteen minutes. The effects in this experiment include marked slowing (B, 
< . 1), h. F. and inversion and obliteration of the P wave ( D and G), and 
changes in the T wave — diphasic to inverted (D, F, and F). 

Comae Shidits Four dogs, which weighed 35 to 40 pounds, were used in these 
experiments. They wore anesthetized with nembutal, and electrocardiograms were 
made Won- and after tnelilorethylenc was given while the blood pressure, respire- 
•••'•id kidney volume were being recorded on a kymograph. The effects of 

s t ■ r-7 4»i*v voi„„,o t z £ 

, 1 " •" w,,h ln :inotl "' r paper. Triehlorethvlene xvas administered in 1 e e^ 

amounts, approximately five minutes apart, first b v inlialat nn , * 

'emmsly at about ten-minute intervals. ‘ ‘ ’ and thcn mtra ' 
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In three of the ilog experiments the effects of different concentrations of tri- 
chlorethylene were looked for. Giving too much of the drug was avoided because 
we wanted the animals to survive. In the other experiments (two), the effects of 
the quantity of the drug necessary to kill the animals were studied. 

Fig. 3 includes a sequence of electrocardiograms from a dog that was used in 
the first series of experiments. A is the control record, B was taken after 6 c.c, 
of trichlorethylene had been administered by inhalation, C, after 1 c.c. of triclilor- 
ethylene had been given intravenously, B, after the second cubic centimeter had 
been given intravenously, E, after the third cubic centimeter had been given intra- 
venously, and F, G, and 77, after the fourth cubic centimeter had been given intra- 
venously. 



Fig. 1. 


Study of these records reveals that significant electrocardiogiaplnc (J 

not occur, even after 6 c.c. of trichlorethylene had been given } cnt only 

and B ). Noteworthy electrocardiographic changes occurrec 111 j n q fi ie rate 

after the drug had been given intravenously (C to 77, me us wave; in 

is slower; in D the rate is slower still, and theie are t, lances jj ie p 

E an ectopic beat occurs; in F and G the P na\e is sma ei , 
wave is isoelectric. , ; n die 

The electrocardiograms presented in Fig. 4 " ere obtained fi cr - CCi 0 f 

second series of experiments. A is the control recoul, 7? .'as 
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•sz - ** * 

,,„timetor of the drug bad been injected, and II, as (be -log (boil. 

Tho electrocardiographic. changes in -tins experiment, were snmlnv to those in 
vi p r. except for the changes associated with the death of the animal Pulsus 
higemintis (C and />) and complete block at the auriculovei.tr.cular node (E, J , and 
t are the outstanding abnormalities in Pig. 4. The aurieuloventneulnr block pro- 
duced in this experiment was very likely associated with the large amount of 
tricldorethylene administered. 



Fie. 2 . 


J w» 1 he possible effects of a therapeutic dose of trichlorethylene 

( a to six deep ...Inlnt. on* from an ampoule broken in a kerchief) were watched 
or in these experiments. Six normal subjects and ten patients will cardiovascuhr 

H.t twiil i tips prcseiito»l in TmMi* T *. . , 

j„ s.il.j.vu \ u,,! << ' • -r ° ° lt!lllH ' 1 fr r>in U.e normal 

* ~ zz 
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were 


0bserved in tlle electrocardiograms and spliygmograms from these subject* 
The control and test sphygmogram and electrocardiogram from Subject B, reproduced 
in Fig. 5, illustrate these points. 


The inhalation of tnchlorethylene also did not produce any noteworthy changes 
m the blood pressure or electrocardiograms of the subjects with cardiovascular 
disease. Their blood pressure readings are given in Table II. Fig 6 presents the 
electrocardiograms of Subject F. * 


Table I 


Blood Pressure Measurements on Normal Subjects 


SUBJECT 

SEX 

AGE 

(YR.) 

BLOOD 

BEFORE 

PRESSURE* 

AFTER 

A 

M 

34 

110/62 

92/70 

B 

M 

40 

135/95 

ipippppfi 

C 

F 

- 2S 

SlllP-£ w- ®P 


D 

M 

28 

yJE ®ii 

; Hpai 

E 

M' 

37 



F 

F 

27 

124/86 

124/76 


♦Before and after the inhalation of tnchlorethylene. 
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Table II 

l’uKBsrnr o k 8^ w ™ 

disease 


Caediovasculau Disease 


subject sex 


C 

D 

K 

F 

C. 

H 

I 

.7 


F 

F 

M 

F 

m 

M 

F 

M 


Arteriosclerosis 

00 Paroxysmal tachycardia 

(amputation of left leg 
because of embolism) 

OS Varicosities of lower ex- 

tremities 

50 Varicosities of lower ex- 

tremities 

50 Arteriosclerosis (Diabetes) 

07 Arteriosclerosis 

59 Thromboangiitis obliterans 

01 Arteriosclerosis, angina pec- 

toris, myocarditis 
05 Arteriosclerosis 

05 Varicosities of lower ex- 
tremities 


150/100 

120/S0 

200/110 

190/S0 

135/85 

150/85 

190/120 

145/80 


120/80 

140/110 


150/100 

110/70 

200/110 

190/80 

140/S0 

165/85 

185/120 

140/80 


•before ami after the inhalation of triehlorethylene. 



Fiff. 4. 
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DISCUSSION 

Tiie electrocardiograms obtained from the rabbits which had never 
before been anesthetized with trichlorethylene and from those subjected 
to repeated anesthetization indicate that the drug affects the conducting 
mechanism and the muscle of -the rabbit’s heart. Evidence that there 
is an alteration in the conducting mechanism lies in the marked slowing 
and ectopic beats. Obliteration of the P wave and the changes in the 
T wave, on the other hand, are indications of its effect on the myocar- 
dium, especially since these changes were observed in the electrocardio- 
grams obtained from the rabbits that were subjected to repeated anes- 
thetization. Permanent electrocardiographic changes were not observed. 
Return to normal took place when the drug was withdrawn. Neverthe- 
less, since P and T wave changes occurred after the rabbits had received 
trichlorethylene repeatedly, there is a possibility that permanent changes 
may take place. 



Fiff. 5. 


The dogs had never before received trichlorethylene, and consequent ) 
their electrocardiograms can be compared only with those obtained fioni 
the rabbits which had never before been anesthetized with the ding, 
this is done, similarities are observed. The marked slowing aud the 
presence of ectopic beats indicate an effect on the conducting mechanism 
of the dog’s heart. The complete block shown in Fig. 4, as well as the 
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changes in (lie P wave, was probably caused by the comparatively larger 
amount of the drug employed in that experiment. 

li is apparent that the administration of a therapeutic dose of tii- 
chlorcthvlene to normal human subjects or patients with cardiovascular 
disease does not produce significant electrocardiographic or blood pres- 
sure changes. 



Fig*. G. 




Studies were made of the effects of trichlorcthylene on the electro 
cardiograms of human, canine, and rabbit subjects. 

In tlie canine and rabbit experiments there were marked slowiim of 
1 w rate, cetopie Wats, ami alterations i„ „, e p alK , t 
ll.ee, nieelianism ami the tavoeatalitta, tvera affceW 
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TUMORS OF THE HEART 

With v Effort or a Primary Fibromyxosarcoma of the Left Auricle 
and the Pulmonary Vein, Associated With Multiple Tumor, 
of the Mesentery and Alimentary Tract 

j M. Rayid, M.H., and Jacob Sachs, M.D. 

Brooklyn, N. Y. 

npUMORS or the Iicart .-ire rare, and their recognition, particularly 
1 in flic primary form, is exceedingly difficult. They are usually 
recorded as post-mortem curiosities and, up to the present time, the cor- 
rect diagnosis has been made in only twenty cases. 

The following case is unusual because the diagnosis was made during 
life and the tumor was found to lie associated with other primary tumors. 

REPORT OF CASE 

A 57-year-old woman was admitted to the medical service of the Israel Zion 
Hospital Sept. 7, Hill. Stic stated that she had had “asthma” for twenty years, 
!>nt pave no history of heart disease, hypertension, or rheumatic fever. She had 
undergone an appendectomy at 23 veaTS of age, uterine myomectomy at 41 yeara 
of age, and cholecystectomy at 45 years of age. She was admitted to the surgical 
service of this hospital June 14, 1941, for “intestinal obstruction.” This was 
relieved by conservative treatment, and she was discharged July 3, 1941. During 
her stay in the hospital, she had several attacks of fainting, accompanied by a 
thready pulse, and, at times, by paroxysms of auricular fibrillation. The electro- 
cardiogram was normal, except for digitalis effect. She was readmitted to the 
surgical service Aug. S, 1941, and a large encapsulated tumor was excised. This 
proved to be a cystic fibromyxosarcoma, apparently arising from the mesentery 
(vide infra). Histologically, it appeared to be of relatively low-grade malignancy, but 
of such a type that local recurrence could be expected. The patient made an 
uneventful recovery and was discharged Aug. 23, 3941. Her fourth and final 
admission to the hospital was on Sept. 9, 1941. She complained at this time of 
weakness, increasing cough, wheezing, and dyspnea, accompanied by choking sen- 
sations and a sense of prccordial heaviness — all of five days' duration. 

On admission she had pulmonary edema and auricular fibrillation, both of 
which disappeared within a few hours. On the following day she could lie flat 
on her back without dyspnea, and appeared somewhat pale. The heart was not 
enlarged and the action was regular; the rate was Si. The apex beat was snappy; 
the pulmonic second sound was louder than the aortic second. There were no 
murmurs. The neck veins were not distended. The right radial pulse was absent.. 
The blood pressure was 150/SO. There were dullness and a moderate number of 
subrrepitant rales at both bases posteriorly. Slight pretibial edema was also 
present. The liver and spleen were not enlarged. The admission diagnosis was 
“anemia, and acute left ventricular failure caused bv mvocardial disease ” 
Course.— During the following seventeen days, the patient had several transient 
attacks of syncope, auricular fibrillation, pulmonary edema, and increasing dyspnea 
uUnnt.ng w„h penods of comparative well-being. In spite of vigorous treat- 

lyn F x W Y ,h " of ra,h0,0 ">- -Medicine. Israel Zion Hospital, 

H.-i-t-iVt-il f or publication Nov. 17, 1942. 
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mont with digitalis :m<l mercurials, she developed increasing pretibial M i, m , « i 

'f'7 1 f-r ot i 

elect rocnrdiogrnm was not remarkable. The circulation time was slightly’ aro 
longed (to IS seconds). These clinical manifestations were definitely indicative 
of heart failure; nevertheless, it was pointed out that there was no specific evi- 
deuce of any known cardiac disease to account for them. Therefore, in view of 
the fact that she was known to have had an abdominal neoplasm, the possibility 
that tumor invasion of the heart was responsible for the symptoms was now 
considered. 



Ftp. 1. — Mesenteric tumor, external view. A segment of the intestine can be seen 

adhering to its mid-portion. 

Three days later, a most interesting observation was made. The dyspnea, 
which was not very noticeable while the patient was reclining, became so 1 
sified when she was placed in the sitting position that she seemed to e c 10 _ 
Belief occurred only when the patient was again placed flat on her . ^ 
postural change in this symptom was now explained by assuming tia si 
a pedunculated heart tumor which produced a ball-valve obstruction o ie , m „„ ie 
or tricuspid orifice when she was in the upright, position. Her comition 
progressively worse, and, on the following day, three weeks aftei a rnissio , 
died. 

Her temperature ranged between OS and 99.6° F. The electiocardiogra . 
September S showed a digitalis effect; on September 13, auriculai 1 n ’ 

and, on September 24, regular sinus rhythm and P, high, and P. notched. ^ 

Boentgenograms on September 16 showed “shady bases”; on Septembe 
“fluid in lung bases.” The bones and lungs were free from metastasis. 
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The urine showed traces of The hemoglobin ™ ^ 

pvt ' nn ,i casts: the spec.fic graxrtj ‘ nnd the leucocyte count, 6,000 to 

cent: the ^glucose .as 00 to 112 mg. P- 100 

1 l.-lOO, with a normal differ ^ _ d tlic cholesterol, 240 mg. _ 

„ c • the urea nitrogen, 20 to -) m 0 ., ■ , lich was removed surgicalh 

Pathologic observations.— The ahdomina u ^ ^ _ sized mass weighing 2,0 <0 

, wo months before death <** ’>£ A segment of small intestine - 

s;. a i=tS to ^ 

rLr »vl to, HW »'f". ^.r ^rc .. tb. .in Th. ■»»« 

s sssri^z ^' — •— — - 

tough but relatively scant in amount. 



Kim -■ — Mesenteric tumor. ThHfiick! 

^ sMns k - can 156 

situ in the background. 


Microseopicallv (Pigs. 3 and 4), there was a variety of structures, consisting, 
in the main, of loose cellular connective tissue. The cells were, for the most part, 
rather large, pyramidal, stellate, or multipolnr, and quite loosely distributed 
throughout the fine fibrillar stroma. The nuclei usually occupied the wider pole, 
carried in size, and were ovoid, rounded, or slender and oblong. The chromatin 
was arranged in fine specks, with occasional nucleoli and a well-defined nuclear 
membrane. Some of the cells were more sausage-shaped or stellate. The cyto- 
plasm of the cells was abundant and deeply acidophilic; it ended in one wide, 
rounded process, and one, or several, pointed processes which were given off usu- 
ally from the end farthest from the nucleus and merged with the intricate net- 
work of the matrix. Occasional nuclear hvperchromatism and mitoses were seen. 
The loose fibrillar and hyaline matrix was frequently divided into innumerable 
minute, refract ilc droplets, or bacilloid rods. This was especially seen in the 
vicinity of, and within, the cavities. Throughout the section there were many 
cystic cavities of various dimensions, filled with acidophilic granular debris, with 
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n Fcnnf number of mesenchymal cells interspersed. The lining of these evsf 
cavities was. for the most part, ill defined; their cells were identical and n,e J 
" ,f 1 (lie tumor cells. In places, however, distinct endothelium lined these cysts 
The relative proportion of the cells to the matrix varied. For the most part 
the latter predominated; it was a rather loosely knit, fine, fibrillar mcslnvork which' 
in places, was pale staining, and myxomatous in appearance. Islands of cartilage 
cells and osteoid tissue, as well ns bone trabeculae, were also seen here and there. 

A mucicnrminc stain showed a few scattered pinkish patches. 



Fig-. 3. Fig. 4. 


Fig. 3. — How-power photomicrograph of mesenteric tumor, showing patches of 
myxomatous areas, varying in cellutarity, witli a number of giant nuclei in ine 
lower half of the field- Five cysts are seen at the lower field. On the right are a 
number of hone trabeculae with islands of osteoid tissue and cartilage cells. (XZaf 
Fig. ‘i. — High-power photomicrograph of one field in Fig. 3, showing pieomorpliisni 
of cells and their nuclei. A cystic area is seen at the left lower corner. (X-io; 


Autopsy (two and one-half hours post mortem). — The body was that of a veil 
developed, obese, white female of the age of Go years. The mucous membranes 
were moderately' cyanosed. The abdominal and thoracic organs were in their 
natural position. The left and right pleural cavities contained 1,200 and 500 c.c. 
of serohemorrhagic fluid, respectively. 

The heart (Figs. 5, G, and 7) weighed 500 grams and measured 11 by 12 by 4 
cm. There was a marked widening in the region of the left auricle, which bulge 
both anteriorly and posteriorly'. 

On opening, three polypoid tumor masses were found in the left auricle. The 
largest and the most anteriorly' situated mass was the size of a tangerine, meas 
uring G.8 by' 6.5 by' 4 cm. It was situated mainly' in the apex of the atrium, 
arising from its superior aspect. Its anterior and posterior surfaces vere a 
tened, smooth, glistening, pale whitish, and lobulated. The free edge was tongue 
shaped and beveled. The attached edge had a broad base 60 mm. in long , 
which merged imperceptibly with the endocardium. On section, it was hard an 
woody' in some places and semielastic and rubbery in others. The second no u e 
was the size of a peach. It measured 50 by 30 by 10-20 mm. Its tongue-like ree 
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eilfic „•»« Mluntri posteriorly "’JerTSenLd airectly into the 

the orilt'" »t the tUlri ■»». J' ' £ ° (Fig . J). A fr»l, 
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I’ipr. n.— Heart with the auricle, ventricle, and mitral valve exposed. The poly- 
I old tumor can tie seen filling the greatly dilated auricle. One tumor nodule ex- 
tends Just beyond the mitral valve. 


The third mass was situated in the lowermost portion of the auricle. It meas- 
ured 50 by 35 by 30 mm. It was attached by a broad base to the endocardium 
of the internuricular septum near the fossa ovalis, at a point 30 mm. proximal to 
the free edge of the posterior leatlct of the mitral valve. The foramen ovale was 
closed. When the heart was held vertically, the largest tumor reached the mitral 
\alve, while the medium-sized tumor entered the mitral ring and spread apart 
its leaflets. The third tumor extended 15 mm. beyond the free border of the 
mitral valve, and lay on top of the apices of the papillary muscles. 

1 he mitral valve was widened, measuring 0 cm. in circumference. Its posterior 
leaflet was slightly thickened, but otherwise it was normal. The left ventricle 
was small, about 30 mm. in depth. The left auricle was three times its normal 
sire, measuring 11 cm, in its widest diameter, whereas the left ventricle was only 
00 mm. wide in its widest portion. The wall of the left ventricle measured 25 
am,., and that of the left auricle. 3 to S mm., in thickness. The aortic valve 
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Fig. S. 


Fig. 0. 


Fig. S.— Medium-power photomicrograph of heart tumor, showing great variation 
in tin* htatolocic nicture The riprlit hnlf is more myxonisi tous unil rcl<iti\el\ acellular. 
The left luilf is 1001^° cellular and fibrous. In the left lower quadrant are seen a 
number of colls with bizarre shaped and plant nuclei. (X*l»>) 

Fig. !>.— High-power photomicrograph of heart tumor, showing the plcomorphism 
and two mitotic figures in the upper and lower edges. (X 2 r> 0 ) 


Microscopically (Figs. S, ft, find JO), the auricular tumor was composed of con- 
nective tissue cells arranged in whorls of all sizes, as well as in loose aggregates of 
no distinct pattern. There was great plcomorphism of the cells and their nuclei. 
The nuclei were rounded, oval, oblong, sausage-shaped, plump, or slender, and many 
of them were of a bizarre shape. Almost all the cells had one rounded end and 
another pointed one ending in one or several acidophilic processes which merged with 
the intricate network of the collagenous fibrils and the denser fibers of the matrix. 
A number of bi- or mnltinueleated cells were also found. The stroma varied in the 
amount of fibrillar elements: it was deep pink in some areas and loose, pale or 
faintly staining and myxomatous in others. The relative proportion of cells to 
stroma varied considerably in different fields. 

Within the glazy myxomatous matrix, stellate and comma-shaped cells were 
seen. Islands of osteoid tissue, cartilage as well as bone, were also found. 


The various histologic elements were more clearly brought out in differential 
stains with Van (iieson, Schmorl, and Mallory’s pliosphotungst ie acid hematoxylin. 
, only occasional pinkish areas were found. 


With mueieannine, 


TSie tumor blended imperceptibly with the subendocardial connective tissue 
aver of the atrium, but nowhere did it invade the myocardium. 
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In the pulmonary vein (Pig. 11), the tumor obliterated the lumen. The endo- 
thelium, however, was more or less intact. The tumor was of the same type as 
that in the auricle. At the edge of the advancing tumor there was a recent 
thrombus which showed beginning organization. 



Fig-. 10. — High-power view of another field of the auricular tumor, showing- an 
almost acellular area, with myxomatous cells and matrix, and with one bone traoecuia 
at the bottom. (X200) 



Fig. 11. — Low-power photomicrograph oi me P*™"™'* Ti.™ In the i 
tumor. The uniform myxomatous ciiaracter is more pronounceu nere. / yor t \ 
right corner a fresh hyaline thrombus is seen adhering to the tumor, t a 
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The elomacll .fcovcd A small diverticulum along the lesser curvature and three 
r „ polyp = l« « -»• «— * , 3 “ H t oriSnlt 

m ad e u P of bundles of smooth muscle fibers in whorly arrangement, ongrnat 
in" from the muscularis and replacing its upper layer. 

In the jeiunmn there was a small mucosal nodule 12 mm. in diameter Ujero- 
•ropicnllv, it consisted of a miliary submucous nodule composed of vrhorls of 
vnindlc-shapcd cells, with large hyperchromatic nuclei. Tins nodule was i 
defined, more invasive, and occupied the mucosa as well as part of the submucosa. 

In the rectum there was a cherry-pit-sized nodule 7 mm. in diameter, which, 
histologically, was an argentaffin or carcinoid tumor such as is not uncommonly 
found in the intestine and especially in the appendix. 

In the uterus multiple leiomyofibromata were found. 

The changes in other organs were insignificant. 


The Anatomic Diagnoses were primary polypoid fibromyxosarcoma of tlie left 
auricle, with direct extension into the right upper pulmonary vein and secondarj 
thrombosis of this vein; pulmonary edema; chronic passive congestion of tlie liver 
and spleen; diverticulum of the stomach; multiple submucous leiomyomata of the 
stomach; miliary submucous leiomyosarcoma of the jejunum; small argentaffin tumor 
of the rectum; multiple lcioniyofihromata of the uterus; encapsulated, cystic, tel- 
angiectatic fibromyxosarcoma of the mesentery; and operative enteroanastomosis of 
the ileum. 


COMMENT 


Tlie early symptoms in this ease were indicative of left, ventricular 
failure; yet no definite cardiac disorder could be discovered to account 
for it adequately. There was no cardiac enlargement or evidence of dis- 
ease of the valves, endocardium, myocardium, pericardium, or coronary 
arteries. This disturbing inconsistency was stressed repeatedly, and 
therefore, on September 26, nineteen days after admission, it was postu- 
lated that tlie symptoms could be explained by a tumor of tlie heart, sec- 
ondary to the pre-existing abdominal neoplasm. Four days later, be- 


cause of (lie severe choking sensation induced by the sitting posture, a 
more definite diagnosis of ball-valve ostial growth was made, which was 
verified by autopsy. In this way the clinical manifestations could be 
readily explained. The dyspnea was caused by pulmonary engorgement 
resulting from obstruction of tlie blood flow through the pulmonary vein, 
Iett auricle, and mitral orifice. The outstanding single feature that 
led to the diagnosis of ball-valve tumor was tlie choking sensation pro- 
duced by the upright posture, which, in turn, caused a more complete 
occlusion oi the mitral orifice. In tlie reclining position the peduncu- 
ated masses were dislodged, with consequent resumption of tlie circula- 
- Incon ’] )lcte obstruction by the tumor accounted for the 

lemamder oi the symptoms, which consisted of transient attacks of 
pulmonary edema, fainting a, mils, table pulse, auriculae fibrillation and 
I n, eager evidences of mitral obstruction. The cleclrocardta “m “ 

“ I>t for transient auricular fibrillation and LHi p ° 

significant. ° n L ^' a ' es ; was not 
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• ^ 1 oi -il 11 recorded 319 cases which were 

:;:rn ,«v to ^ i» *>**, •« ™ 

forlv-oue primary malignant tumors, 90 per cent of mIhci ^ie sa 
comas and fortv-seven secondary malignances, consisting oi 50 pc 
cent carcinomas and 25 per cent sarcomas. In this collection the 
were thirteen cases which resembled ours m that there was a pedunci - 
lated mass in the left auricle which projected into the left, ventricle 
through the mitral orifice. 

From a review of the gross and microscopic appearance of the pri- 
mary tumors of the heart which have been reported to date, it would 
appear that hv far the most common type is the myxoma or the fibro- 
myxosarcoma. Thus, most of the tumors which have been variously 
regarded as “polypoid fibroma/’ “spindle cell” sarcoma, giant cell 
sarcoma, “mixed cell*' sarcoma, and simple “sarcomas” appear to be- 
long to this type. It should be recognized that these tumors belong 
to one specific typo, which is almost as distinct as that of fibromyoma of 
the uterus. All of them exhibit an almost stereotyped characteristic 
gross appearance and origin, and their histologic pictures are also fre- 
quently quite similar. As an example, we may cite our own case, which 
is almost identical with the one reported by Bacmeistcr in 1906. 12C 

The sites and methods of invasion of the various tumors are given 
as follows: 13 In general, any portion of the heart may be involved; 
primary tumors involve the left side of the heart more frequently. 
They often arise from the fossa ovalis in the left auricle, forming a 
pedunculated mass which projects into the left ventricle through the 
mitral orifice and produces a ball-valve effect. Metastatic tumors occur 
more often in the right side of the heart, and the primary lesion may 
he situated in any organ of the body. Carcinoma of the breast and 
bronchus account for 48 per cent of cardiac metastases. The pericardium 
is usually invaded by mesothelioma and granuloma, the myocardium, by 
sarcoma, fibrosarcoma, and rhabdomyoma, and the endocardium, by 
myxoma and polypoid fibroma. There are three methods of spread of 
secondary tumors: (a) direct invasion, or extension from adjacent 
organs, as from the bronchi, lungs, mediastinum, or pleura; (b.) in- 
filtration bv systemic diseases, as in Hodgkin’s disease, lcucemia, or 
sarcoid; (c) lymphogenous or hematogenous invasion from other or- 
gans. such ns the breast, bronchi, or thyroid, and from the gastroin- 
testinal. genitourinary, and biliary tracts. 

The clinical manifestations are variable, and depend upon the size 
andjoeation of the tumors. Pericardial involvement is suggested by 

'-v n >-n'u;,. that Bacmeistcr "seemed to 

pm: tli ri until and uml.nv.-nt m.-tapl.-isla into tnio* 1 nmIS?n X ^ n!lS) beKan as organ- 
i // 'P/T' 1 » "«<*• jnovcvi-r. .Iocs m„ contain such F ro 5’°«t” Bacmeis- 
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a friction rub, tamponade, or sanguinous effusion causing progressive 
cardiac enlargement, and fluoroscopic examination may reveal a rigid, 
nonpulsating cardiac border because of tumor infiltration. The electro- 
cardiogram may show the R-T segment changes which are characteristic 
of pericarditis. 

Myocardial invasion may be manifested by congestive failure, various 
arrytlimias, heart block, or auricular fibrillation. Encroachment on the 
coronary arteries will usually cause coronary insufficiency, with con- 
sequent myocardial anoxia, followed by angina and characteristic R-T-T 
changes. 

Endocardial tumors can produce embolism, or bizarre murmurs if the 
valves are affected, or intermittent occlusion of the cardiac orifices. In 
a considerable number of instances, a pedunculated tumor interfered 
with the cardiac dynamics. If it projects into the mitral ostium, as it 
did in our case, it causes retardation and narrowing of the blood stream, 
producing signs of mitral stenaosis. As the tumor continues to grow, 
it may produce a ball-valve mitral syndrome which consists of mitral 
stenosis, transient changes in the pulse and peripheral circulation, 
paroxysmal auricular fibrillation, and a variability of symptoms with 
postural changes (Abramson 15 ). Moderate mitral obstruction may 
cause fainting and accentuation of dyspnea which are relieved by a 
change in the posture of the patient. More complete mitral obstruction 
may be responsible for peripheral circulatory disturbances which are 
characterized by “cadaveric coldness of all four extremities and the 
tip of the nose, sometimes proceeding to ischemic gangrene, and associ- 
ated with intense cyanosis and with feeble or absent pulse” (Fishberg 15 ). 
Sudden death occurs in 29 per cent of these cases. 

The possibility of a cardiac tumor is hardly ever entertained, but 
with the additional knowledge derived from an ever-increasing liter- 
ature on the subject, the condition should be more often considered. 
Metastatic tumor of the heart v T as first diagnosed by Roesler, 1 ' in 1924, 
and ten years later the first correct diagnosis of primary tumor ^of the 
heart was made in this country by Barnes, Beaver, and Snell. T ie 
recognition of a primary heart tumor is extremely difficult, but the pres 
ence of a secondary tumor should be suspected when unexplained car rac 
abnormalities develop after or during the course of neoplastic disease 
elsewhere in the body. The absence of any known types of heart is 
ease to account for the presenting cardiac manifestations is very s | 1& 
gestive. Mitral stenosis of unknown cause occurs' in 50 per cent o re 
cases, and, when accompanied by unexplained dyspnea and fainting 
spells which are influenced by postural changes, it offers an impoitan 
diagnostic feature. The dyspnea is often unyielding and who y ou 
of proportion to the cardiac abnormalities. It may be a prominent symp 
tom and it often occurs without orthopnea, which is unlike t ia 0 
ordinary types of heart failure. Signs of ball-valve effects on the car iac 
orifices, with or without postural changes, are also highly signi can 
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stenosis accompanied by peripheral circulatory disturbances, 
electrocardiogram is not characteristic, but the transient nature of 
various arrvtlimias may be significant. Of more valuable aid m t c 
diagnosis is the development of recurrent, unexplained, hemorrhagic 
pericardial effusion, or progressive, bizarre cardiac enlargement. Flu- 
oroscopic examination may reveal rigidity of heart border, with absence 
of pulsation, as a result of tumorous infiltration of the epicardium. 
Positive evidence of the existence of a cardiac neoplasm consists, how- 
ever. in the recovery of tumor cells, either from aspirated pericardial 
fluid or from a metastatic focus. 


SUMMARY 

A ease of a primary cardiac tumor, in which the diagnosis was made 
during life and confirmed by autopsy, is presented. It was associated 
with multiple primary tumors in other organs. The pathogenesis, clin- 
ical manifestations, and diagnostic features of neoplasms of the heart 
are discussed. 
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THE SIGNIFICANCE OF VASCULAR HYPERREACTION AS 
MEASURED BY THE COLD-PRESSOR TEST 

Observations ox 200 Normal Subjects Over the Age of 40 

ITexry I. Russek, M.D. 

Staten Island, N. Y. 

A CCORDING 1o Hines and Brown, 1 essential hypertension is a syn- 
drome which develops upon the soil of a hyperreactive vasomotor 
system. Subjects with vascular hypertonicity and normal blood pres- 
sure are regarded by the authors as candidates for the disease. In 
support of this view, Hines 2 has found a high incidence of hypertensive 
cardiovascular disease in the families of normal subjects who exhibit a 
hyperreactive response to the cold-pressor test. The fate of the hyper- 
reactor, according to the author,' 1 is reflected by the observation that 
38 per cent of twenty-one originally normal hvperreactors developed 
hypertension within six years, as compared to none of the normal 
hyporeactors. In line with this apparent trend is the author’s state- 
ment that the incidence of hyperreaction in children approximates the 
combined incidence of hyperreaction and hypertension among adults. 

Although most authors have reported data in accord with this con- 
cept, the observations of Pickering and Kissin 4 did not confirm the 
view that a relatively high rise of blood pressure in response to a cold 
stimulus is peculiar to persons with potential or established hyperten- 
sion. They noted that nine normal subjects with an average age of 53 
years showed an average response similar to that of twelve hyperten- 
sive patients with an average age of 54 years. The small number of 
cases studied, however, does not permit acceptance of the authors 
conclusions. The investigations of Chesley and Chesley,'’ and leldt 
and AVenstrand, 0 on the other hand, seriously open to question the 
significance of a hyperreactive response in the development of essential 
hypertension. These authors, in studies on a large number of cases, 
found no relationship between the response to the cold-pressoi test anc 
a family history of hypertensive cardiovascular disease. 

Further contradiction of the theory that hyperreaction indicates^ a 
predisposition to essential hypertension seems apparent from the on e i 
nal observations of Hines and Brown. They noted, paradoxica A ^ 
in the subjects with normal blood pressure there was an appiecia e 
increase in the range of reaction in the latter decades of life. 
is not in harmony with the authors’ statement that the l espouse o 
the blood pressure is characteristic for the individual and P'° A 
remains so throughout life.” Furthermore, calculations fiom tie ® ' 
in their tables would show that 35 per cent of normal subjects oAei 
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,S compared to only 23 per cent 


S |„„ lain* in lift, one Mi «P«» 10 f,ml “ '^ iras,n | ™\ d '^ ]mt 
normal l>yiH*m*ar:tors with increasing age. a cs auc 
li„,l tins t„ lie the case, lint their series included thuty-loui s 
jeets over the age of 40 years, and thirteen of aO years or oldei. They 
',lid not. however, observe a greater response m older subjects than 
voting ones, as reported by Pickering and Kissin. 

Hines and JJrowii* have attributed the increased incidence ot normal 
hyperrenctors among Ike older subjects of tlieir series to a latent or 
subclinical form of essential hypertension. A study of fifty such per- 
sons between the ages of 34 and 65 years revealed no previous history 
of elevated blood pressure, although a hypertensive sclerosis of the 
retinal arterioles of Grade 1 or more was found in all instances. Some 
of tlieir subjects who were followed for years did not show evidence 
of an elevated blood pressure. Nevertheless, a family history of hyper- 
tensive cardiovascular disease was found in 82 per cent of these hypei- 
reactors. as compared with only 14 per cent* of a group of hyporeactors. 
Prom the various studies of these authors, therefore, it would seem 
that hyper response at any age is associated with a positive family his- 
tory in over 80 per cent of the cases. The present paper will attempt 
to show that this view is untenable for older persons, as indicated by 
clinical and statistical considerations. 

The following series of observations on two hundred normal male 
subjects over the age of 40 years is being presented because it fails to 
support the idea that “vascular hyperreactivity” is a significant factor 
in the development of essential hypertension. 

TECHNIQUE OK THE COLD-PRESSOR TEST 

Tin* procedure us outlined by Ilines and Brown was followed throughout. Tim 
subject remained recumbent in a quiet room, and blood pressure readings were 
taken over variable periods until a basal level was reached. The rest period was 
twenty to thirty minutes, and, usually, four to five readings were made. The 
sphygmomanometer cult remained on the arm during the whole procedure and 
when the lowest level of blood pressure was reached, the free hand was placed in 
a basin of water at a temperature, of 4° C. The hand was kept immersed to a 
level just above the wrist for sixty seconds. The blood pressure was measured at 
thirty and sixty seconds. 

The response is recorded as the difference between the basal level and the 
ninximnm reading. Using the authors’ criteria, subjects whose response exceeded 
- mm., systolic. and 11 mm., diastolic, were called hyperreactors. Those whose 
r. spouse did not exceed these figures were designated as hyporeactors. 

SUIUKCTS OK TEST AND RESULTS 

^s^:ssssszrss 
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previous readings were below 145 mm., systolic, and 95 mm., diastolic. 
Many of tlie subjects knew approximately what their pressure was 
because of former recordings made prior to boarding ships. An ap- 
preciable percentage of them had had one or more previous admissions 
to this hospital over a period of years, and the available data served 
as an additional check on the accepted levels of pressure. The ages 
ranged from 40 to 69 years, and the average was 56 years. The results 
are summarized in Table I. The average response to the cold-pressor 
test was 21.4 mm., systolic, and 15.0 mm., diastolic. There were 82 
hyperreactors (41 per cent), with an average response of 32.0 mm., 
systolic, and 21.5 mm., diastolie. Among 118 hyporeaetors (59 per cent) 
the average response was 14.0 mm., systolic, and 10.4 mm., diastolic. 

Table I 

Summary of Results With Cold-Pressor Test 






AVERAGE RISE OF 

BLOOD PRES- 


SUBJECTS 


SURE IN MILLIMETERS OF 





MERCURY 



NUMBER 

PERCENTAGE 

SYSTOLIC 

DIASTOLIC 

Entire Group 

200 

100 

21.4 

15.0 

Hyperreactors 

S2 

41 

32.0 

21.5 

Hyporeaetors 

118 

59 

14.0 

10.4 




Table II 




Age and Average Response to tiif. 

Cold-Pressor Test 


AGE 

(YEARS) 

entire age group 

HYPOREACTORS HYPERREACTORS 

SYSTOLIC 

DIASTOLIC 

SYSTOLIC DIASTOLIC SYSTOLIC 

DIASTOLIC 

RISE 

RISE 

RISE 

RISE RISE 

RISE 

40-49 

14.0 

10.0 

10.6 

7.5 24.6 

18.0 

50-59 

22, G 

1G.G 

15.0 

11.8 33.0 

23.3 

60-09 

27.G 

18.1 

17.5 

13.2 35.5 

21.9 


Table II shows the effect of age upon the response to the cold-pressor 
test. For the entire group the average systolic elevation rose from 
14 mm. in the fifth decade to 27.6 mm. in the seventh decade. The 
average diastolic response increased from 10.0 mm. to 18.1 mm. in the 
same interval. Among the hyporeaetors the average systolic response 
increased from 10.6 mm. to 17.5 mm., whereas the average diastolic 
response increased from 7.5 mm. to 13.2 mm. in the age groups studied. 
In the hyperreactor group the average systolic response increased from 
24.6 mm. in the fifth decade to 35.5 mm. in the seventh decade. The 
average diastolic response, on the other hand, increased from 18.0 mm. 
to 23.5 mm., and then showed a fall to 21.9 mm. with succeeding decades. 

Chart I shows the effect of age upon the incidence of hyperreaction 
to the cold-pressor test. Of sixty-two subjects between the ages of 40 
and 49 years, 24.2 per cent were hyperreactors. There were eiglity-one 
subjects between the ages of 50 and 59 years, and, of these, 43.2 per 
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cent were hyperronctors. Between the ages of 60 and 69 years, 56.1 
per cent of fifty-seven subjects showed hyperreaction to D)e cold- 
pressor test. 

Tabu; III 


Comparison or Family History or II yperreactors a.vd Hyporkactors 


SriUKCT.S 

NUMBER 

POSITIVE FAMILY HISTOKY OF HYPER- 
TENSIVE CARDIOVASCULAR DISEASE 
NUMBER PER CENT 

Entire Group 

200 

53 

26.5 

Hypewnetors 

S 2 

23 

2 S .0 

Hyporeuctors 

IIS 

30 

25.4 


62 61 



Z4.2< 


57 


W I 


•«M 9 £ 0-59 60-69 


□ Hyperrpactor* 

b— A rc ! »n<! lOTicnenction to tlic cold-pressor test. 

In eliciting (he family histories, the same standards were applied in 
L ."j *' l ' U j eS ’. '■°" ard l ,es ; s ' of tlw ( “°Id-pres.sor response. The state of 
U ;; U - aud tho e ™ se of dra,, b if deceased, of each parent 
wdl MbI, ; ,ff " w not « 1 - The objects were specifically asked if 
« P- ; >nts brothers, or sisters were known to have, or to h ve had 

tr ,io "! 1 disease, or apoplexy. Only the instances 

o h\ pet tension or of diseases considered to be the result of hyper 
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redo,, as anions: young ones, it wold Have to be eondttM that, 
in advanced ace. a creates- percentage of persons belong to 3 P 
sive families than i.i childhood-* deduction which is contrary to 
clinical and statistical experience. The present- study on subjec s o\ei 
the nffe ( ,f 40 years, furthermore, has shown no relationship between 
the nature of the cold-pressor response and the family history of hyper- 
tensive cardiovascular disease. 

The cause of the rising incidence of hyperresponse in successively 
older groups seems apparent from a consideration of Table II. It is 
seen that there is not only an increase in the average response of hyper- 
reactors with advancing years, but also an appreciable rise in the aver- 
age response of hyporcactors. Consequently, it would appeal that a 
hyporeactor at. 40 years might become a hyperreactor at 60 yeais. 
Since immersion of the hand in ice water for one minute actually pro- 
duces pain, it seems likely that the older subject will respond with a 
greater rise in pressure than the younger one whose threshold for pain 
and vasomotor stability are undoubtedly greater. These data are at 
variance with those of llines. who found no significant change in the 
range of reaction in hyporcactors with advancing years. 

Because of the supposed specificity of hyperresponse with respect 
to hypertension, the use of the cold-pressor test has been advocated 
as a diagnostic aid in the recognition of latent hypertension . 11 ’ 12 It 
has been stated that a hyperresponse to the test in the presence of 
cardiac failure and normal blood pressure is evidence of previous 
hypertension which is temporarily latent. When it is realized that 
perhaps 45 to 50 per cent of normal subjects over the age of 50 years 
show a hyperreactive response to this test, its limitations as a diag- 
nostic method in older persons seem evident. 

Although the significance of vascular hvperreaction cannot he fully 
evaluated until further time has elapsed, the results of this study ap- 
pear to indicate that hyperresponse in normal, middle-aged, and elderly 
subjects is unrelated to hypertension. 

CONCLUSIONS 

An analysis of the cold-pressor response in two hundred normal male 
subjects between the ages of 40 and 60 years revealed that : 

»,inn'h '^iZr C " n " "' C ' C to tile 

TI \° im ' Kk ‘ m ‘‘ l of hyperresponse, contrary to theory increased 
advancing a s e. from 24.2 ,,er rent in the 40- to 4!>'.vear -rout’ 
to o (.,1 per cent in the 60- to 69-year group. * ° P; 

j ? ; T ! 1P n 7 rn " e rcs P‘ ,nsc « f hyporcactors and hvperreactors in 
1. 1 eased with age. (’onset, uentlv. a hvporeactor at 4 P v , 

-r fcyperreaetor at GO ye'ars. The ^ be * 

trihuted to changes in the threshold for Ti- ; V- lcs P 01,se Wa « at- 
Inliility with succeeding decades " and ,nCrwwin S vasomotor 
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Clinical Reports 


STAPHYLOCOCCUS AUREUS SUBACUTE BACTERIAL 
ENDOCARDITIS SUPERIMPOSED ON A CONGENITAL 
HEART LESION, AVITH RECOVERY 


Ih:u:x Eastman Martin, M.D., and Roy E. Thomas, M.D. 

Los Angeles, Calif. 

UPIIE usually fatal outcome of subacute bacterial endocarditis makes 
1 noteworthy all reports of recovery from this condition. A case is 
presented of subacute bacterial endocarditis due to a Staphylococcus 
annus infection of a congenitally patent interventricular septum 

(Roger’s disease); the patient was followed for four years after 
recovery. 


1VIUJ Ulvi 

Los Angeles Comity Hospital Permanent Pile No. 108-957. P.B., a single 18- 
yonr old ,vh,tc girl was admitted to the hospital for the second time, Aug! 25, 

i ■ ammLK Tr eh a ° ^ ™ »» «»■>>“' • 
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«as obtained as to whether nr a i , , , -• i 0 defmite information 
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wS' h cs \ at tbe ** 

‘i.itod with a marked svstolic thrill T) e r rna border > and M'as asso- 
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Table I 

LABOBATOr.Y DATA 



BLOOD CULTURES 


miscella- 

neous 

■fayiuiiiftSfcA 


(1/ KI/37 
9/21/37 
I (VI "/■"*" 
U/17/J7 
12/ 1/37 
11/ 2/3S 
2/10/38 
■I, 7/3S 


Positive cultures for” Widal anil 
Staphylococcus I undulant 
aureus on: 

8/25/37 ; 8/28/3/ 

9/1/37 ; 9/4/37; 

9/13/37; 10/7/37- 
10/11/37 ; 

10/14/37; 

10/26/37; 

11/2/37; 11/8/37 
11/13/37; 

11/29/37; 

12/9/37; 1/22/38; 

1/24/38; 1/31/38; 

2/3/38; 2/15/38; 
few staph, on direct 1 Icterus m 
smear from culture. | dex 57.6. 
No growth on sub- 
cultures 


fever ag- 
glutina- 
tions neg- 
ative 

Blood Was- 
sermaun 
and Kahn 
negative 

Pleural 
fluid: no 
growth 


(Negative cultures 
on: 2/24/38; 
3/3/38; 3/11/38; 
3/16/38; 3/26/38; 
3/29/38 ■ 

[4/1/3S, plate: 1 
colony of Staph 
aureus; broth: no 
growth 

4/11/38, negative 
[4/25/38, doubtful, 
gram-negative 
bacillus 

5/2/3S, negative 
jo/16/38, 1 colony of 
staph, in 1 c.c. plate 
culture. 6/22/38, 
negative. 7/22/38, 
diphtheroid bacillus 
|s/19/38, negative 


Prompt 
Van den 
Bergh 
4.5 mg. 
bilirubin 


Sedimenta- 
tion rate 
12 mm./hr. 


started. By September 21, the icterus index was 57.6 units. The jaundice had 
disappeared by Nov. 17. 1937. When positive blood cultures for the Staphylococ- 
cus minus were obtained, an attempt was made, without success, to obtain a 
specific bacteriophage. A stock staphylococcus bacteriophage and sulfanilamide 
"<re tried, without any effect on the clinical appearance or the temperature. 
Staphylococcus antitoxin (Lcderle) was then tried in conjunction with repeated, 
small blood transfusions. With practically every dose of antitoxin the patient 
had chills, and on several occasions developed urticaria and joint pains. Many of 
the transfusions „f nitrated blond were also accompanied by chills. There ap- 
peared to be improvement after the antitoxin, although fever recurred and the 
blend cultures- remained positive. 

In the second period, Dec. 8, 1937, to Jan. 20, 1938, the patient appeared slightly 
improved. No definite embolic phenomena were noted, although the blood cultures 
remain, -d positive. 



Electrocardiograms 






AMR-. (Jontil 

EloctrocardIojn*ams 
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Jn the Mini period, from Jim. 21, 393S, to Feb. S, 1938, there were two periods 
of fc\er: :i mild one on January 2], and a severe one starting on February 3, with 
n chill and temperature of 101° F. At this time, a third course of staphylococcus 
antitoxin nns given, with severe reaction (chills, urticaria, joint effusions, and laryn- 
geal edema), despite careful dcsensitization. 

After the last, elevation of temperature, on Feb. 8, 193S, the patient slowly im- 
proved, although there wore questionable petcchiac on March 30, and a questionably 
positive blood culture in May, 1938. She was discharged from the hospital July 6, 
■Iff IS, if* 11 and one-half months after entry. At this time she had been up for one 
month in a wheel chair, with occasional walks around the ward. Her weight was 
125 pounds. On entry her weight was 130 pounds, with a low point, four months 
after entry, of 100 pounds (January, 393S). 

She was followed in the outpatient clinic for three months after discharge from 
the hospital, and showed gain in weight and strength. Because she left Los Angeles, 
frequent examinations were impossible. However, the patient has kept us informed 
by letter, about every six months, as to her condition, and has returned to the hos- 
pital for examination about once a year. In April, 1941, the cardiac murmur and 
thrill were unchanged. The last report by letter, December, 1941, states that she is 
leading an entirely normal life and has no cardiac symptoms. 

DISCUSSION 

Libman, 1 ’ 2 ITamman, 3 Weiss and Rhoads, 4 and others have com- 
mented on the occurrence of healed bacterial endocarditis (of the 
Streptococcus vindans group), clinically and pathologically. It is 
their experience that, in mild cases, the disease frequently goes un- 
diagnosed, and the patient may recover, and that, in severe cases, the 
patient may recover and have a later recurrence. Some of the clinical 
reports of recovery appear doubtful because of possible diagnostic 
errors and too short periods of observation. The cbronicity of the 
disease requires a period of observation of one and one-half to three 
years before one can be sure that recovery has occurred. r lhe problem 
in treatment of typical subacute bacterial endocarditis caused. by the 
Streptococcus viridans, however, appears quite distinct and diffeient 
from the situation encountered in this patient. 

No previous reports of recovery from subacute bacterial endocaiditis 
caused by the Staphylococcus aureus, with or without treatment with 
staphylococcus antitoxin, have been found in the literature. The case 
presented here fulfills the majority of the points for diagnosis of sub- 
acute bacterial endocarditis and for recovery from this condition: 

1. Known heart lesion seven years prior to the onset of the febrile 
illness. 

2. Positive blood cultures for six months. 

3. Evidence of embolic phenomena: petechiae and pulmonary infarcts. 

4. Irregular, prolonged febrile illness. 

5. Progressive, mild anemia. 

Recovery was attested by: (1) negative blood cultures, (2) c mica 

improvement, and (3) observation for four years. 

From the clinical aspect, several features of this case aie of mteies . 
No point of origin or entry of the staphylococcus was discoveie 
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Since small skin lesions may go mmol iced, this does not appear an 
unlikely possibility. The urine examination on entry excluded the 
kidneys as a possible focus. It is also of note that the spleen was never 
palpable, although repeated examinations of the abdomen were made. 
The finger nails developed very unusual, marked, transverse striations, 
corresponding chronologically to each separate febrile period. 

From the therapeutic standpoint, the relationship of the staphylo- 
coccus antitoxin to the recovery is difficult to evaluate. It is a matter 
of experience that certain patients with acute staphylococcus septi- 
cemia recover, but this is rarer with chronic staphylococcus sepsis. 
Staphylococcus antitoxin was given to this patient because of the dra- 
matic results obtained, at the same time, in a 14-year-old Mexican boy. 
This patient entered the hospital in an apparently moribund state, with 
staphylococcus sepsis, with pyemic abscesses in the skin, lungs, and 
kidneys, and with osteomyelitis. He was given 80,000 units of staphy- 
lococcus antitoxin (Ledcrle) daily for several weeks, with marked 
improvement within twenty-four hours, and final recovery. It was 
never possible to give the patient with the endocarditis the antitoxin 
in the recommended therapeutic dose because of severe reactions. Thus, 
she received only 00,000 units between October 1 and fi, 140,000 units 
between October 25 and 30, and 40,000 units between February 3 and G. 
From the graphs of the temperature (Fig. 1), it is apparent that the 
first course of staphylococcus antitoxin was given at a time when the 
temperature curve was already falling, so that the effect on the tem- 
perature is not clear. The improvement in the clinical condition was 
definite, however. . The second course of staphylococcus antitoxin was 
also given at a time when the temperature was normal. It is to be 
noted that, after stopping the antitoxin, in each of those instances, the 
temperature rose. The third and last course of staphylococcus anti- 
toxin was followed by a marked and permanent lowering of the tem- 
perature 1o normal and by negative blood cultures. The severe reac- 
tions with practically every injection of antitoxin, as well as with 
many of the blood transfusions, may also have had a therapeutic effect 
through a “shock” action. Although no one who saw this patient felt 
positive about the effect of the staphylococcus antitoxin, the consensus 
was that it had been beneficial, for the outlook before its use had ap- 
peared hopeless. The work of Tager' on the relative value of staphy- 
lococcus antitoxin and the sulfonamide compounds in acute staphylo- 
coccus infections in mice is of interest in this connection. lie reviews 
experimental and clinical results. From his own results he concludes 
that “a single early dose of antitoxin proved superior to sulfapyridine 
and sulfathiax.ole. but did not surpass the activity of sulfamethylthia- 
zole.” He believes a combination of antitoxin and sulfathiazoJe is 
superior to either agent alone. This he attributes to the possibility 
that the staphylococcus toxin is an important factor in the patho- 
genicity of the staphylococcus. The chemotherapeutic agents appear 
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not to be antitoxic. This work suggests that the best therapeutic re- 
sults in staphylococcal sepsis- would be attained by a combination of 
the antitoxin and one of the sulfonamide drugs. 


SUMMARY 

A case of subacute bacterial endocarditis caused by the Staphylococcus 
aureus, with recovery and a four-year period of observation, is re- 
ported. The possible beneficial effect of staphylococcus antitoxin in 
the treatment in this case is discussed. 
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HARE CARDIAC ANEURYSM IN A CHIED 


Caspar G. Burn*. M.D., A. Gerhox IIollaxder, M.D., axd 
J. Hamiltox Crawford, M.D. 

Bkookia'x, N. Y. 

T HE final analysis of t he unusual cardiac configuration found in 
a 13-year-old child, as previously reported in the Americax IIkart 
•Toi.'RXAL by Hollander and Crawford, 1 may now be presented with the 
aid of necro]>sy observations. 

Since the recognition, in 1!)3S, of this cardiac deformity in the child, 
she was followed in the cardiac clinic, but there was no apparent change 
in her physical condition. She was last seen in the clinic about six 
months before her death. Her mol her states that the child had been 
well and active during this time. While at play in one of the city 
playgrounds, the child became ill and sat down to rest. She died 
within a short time, before any medical aid could be obtained. 

post-mortem kxamixatiox 

Ilecause of tlio sudden dentil, the post-mortem examination was performed by 
the Medical Examiner. * It revealed a well-nourished and well-developed, muscular 
child, measuring 155 cm. in length. There were no external evidences of injury. 
The essential abnormalities were limited to the heart. The pericardial sac contained 
a small quantity of clear, straw-colored fluid, and the serosal surfaces were every- 
where smooth and glistening. Xo congenital abnormalities were found in the great 
vessels. A large, somewhat lobulated, saccular mass bulged from tlio lateral margin 
of the left ventricle (Fig. 1). It was completely covered bv the visceral pericardium. 
A few firm, fibrous adhesions bound the superior surface of tlio aneurysmal sac 
to the parietal pericardium. Several fibrous adhesions traversed the shallow sulci 
formed by the superior anil inferior lobules of the sac. The aneurysm measured 
fl cm. between the superior and inferior surfaces, (i cm. from the base of tbe mitral 
ring to the outermost border, and 0.5 cm. between the anterior and posterior bor- 
ders of the sac. A sagittal section of the aneurysm (Fig. fi) revealed a lobulated, 
thin-walled sac in which there were partially formed ridges tending to divide the 
chamber into two or three incompletely formed compartments. The superior com- 
partment contained a massive, laminated blood clot which was firmly adherent 
to the inner wall of the sac. The remaining compartments of the aneurysm were 
free from blood clots. The lining of the sac was smooth, white, and glistening. 
The thickness of the wall varied from 0.1 to 0.5 mm.; it consisted of white, glisten- 
ing, connective tissue. The origin of the aneurysm was sharply limited to the fibrous 
connective tissue ring of the mitral valve, and did not involve the muscular wall 
of the left ventricle except for the posterior portion, which appeared fused by 
newly formed connective tissue and by the adipose tissue of the epieardiutn to the 
wall of the sac. The orifice of the sac was situated beneath the lateral leaflet of 
the mitral valve and was in direct communication with the chamber of the left 
ventricle. The greatest diameter of the opening measured 1.5 cm. A smooth, white, 
glistening, endocardial surface lined the wall of the orifice. The valve leaflet and 
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Fig. 2. 


Fig. 1. — Posterior view of heart, with 
Fig. 2. — Sagittal section of aneurysm, 
the lateral leaflet of mitral valve. 


aneurysm arising from left ventricle, 
showing opening into left ventricle beneath 
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tin; f rco edge of 1 lie* valve leaflets. Sections of the myocardium were homogeneous, 
• lull red, mill without cross evidence of increased fibrosis. The heart was not hyper- 
trophied nor dilated, but it weighed, together with the aneurysm, ”>50 grains. The 
coronary vessels were of the usual distribution. The outer surface of the aneurysm 
was partially supplied by small branches from the left coronary artery. The 
coronary vessels were thin walled and patent throughout. 

Examination of the other viscera, including the brain, showed no significant 
changes except acute congestion of the spleen, liver, and lungs. 

MICROSCOPIC EXAMINATION 

Microscopic sections from a number of different locations of the aneurysmal 
wall revealed a compact, hvalinized, fibrous, connective tissue wall that was free 
from endothelial lining. Some of the sections contained either partially organized 
blond clots or firm, dense masses of fibrin and platelets. The outer wall of the 
aneurysm consisted of loosely arranged, collagen forming, connective tissue in 
which there were groups of young, splindle-shaped fibroblasts. Many greatly en- 
gorged and thick-walled arterioles were distributed throughout the external coat 
of the sac. Many of the vessels were surrounded by collars of cells composed 
primarily of large mononuclear cells, plasma cells, and lymphocytes. An occasional 
polymorphonuclear leucocyte and eosinophilic, cell was observed in tlie cellular 
exudate. Some of these foci, particularly those situated near blood vessels, showed 
a tendency to form imperfectly shaped Aschoff bodies. The mononuclear cells found 
in these zones were large cells with basophilic, cytoplasm containing one and occa- 
sionally two large vesicular nuclei which had a central dense dump of chromatin. 
The exudate not only surrounded the blood vessels, but was rather diffusely scat- 
tered throughout the edematous connective tissue in the areolar tissue surrounding 
the sac. Similar isolated groups of engorged blood vessels, with their collars of 
mononuclear and plasma cells, were seen in the dense, hvalinized connective tissue 
wall of the aneurysm. Isolated groups of newly formed lymphoid follicles were 
observed in some of the sections that were removed from near the base of 
the sac. Microscopic sections from the ring of the mitral valve, near the region 
of the orifice of the aneurysm, displayed a granulomatous and cellular tissue 
reaction that contained many young capillaries, fibroblasts, and on abundant, diffuse, 
cellular exudate characterized chiefly by large mononuclear cells, plasma cells, and 
lymphocytes. This granulomatous lesion apparently diffusely involved the entire 
mitral ring, and in some places extended for a short distance along the inter- 
stitial tissue of the mitral leaflet, but did not involve the endocardial surface. 
Throughout the myocardium of both the left and right ventricles there were many 
well-developed, typical Aschoff bodies comprised of the usual large mononuclear 
and binucloatcd cells, together with some plasma, cells and lymphocytes. Some of 
the muscle fibers appeared small and atrophic. Many focal areas of myocardial 
fibrosis were observed in all of tlie sections of the myocardium. Tin* coronary 
arteries and jiericardial surfaces were free from involvement. 

COMMENT 

An intensive search of the literature revealed only three other reports 
of a cardiac aneurysm identical in anatomic structure with the one 
observed in this child. Hunter and Benson" described a ruptured sac- 
cular aneurysm in a do-year-old adult who died suddenly. These same 
authors referred to the only other report in the literature that described 
a similar cardiac deformity. Corvisart.' in 1797, described an aneurysm 
in a 27-vear-old negro who also died suddenly, but without rupture 
of the sac. More recently Berlin and Hollen 1 described a similar type of 



418 


AMERICAN HEART JOURNAL 


aneurysm in a 39-year-old man. Aneurysms of the heart in children 
are extremely uncommon, as mentioned in the previous report. 1 

Certain outstanding anatomic characteristics, common to all three of 
the aneurysms described, seem to distinguish these unusual cardiac 
deformities from .the better known cardiac aneurysms which result from 
coronary occlusion. In each of the cases reported, the out-pouching 
developed on the lateral border of the left ventricle, and seemed to arise 
chiefly from the fibrous ring of the mitral valve. The opening into the 
aneurysm is small and is located inferior to the lateral leaflet of the 
valve. There is some tendency to lobulation of the sac and to develop- 
ment of incompletely formed chambers from poorly formed septa. No 
muscle fibers are present in the wall of the sac except for a few isolated 
strands that fuse into the base of the aneurysm from the left ventricle. 

Unfortunately, a detailed history of the earlier period of the child’s 
life is not available, so that the time of onset and progress of the de- 
velopment of this aneurysm are not known. Several of the anatomic 
features of the aneurysm suggest that it may have been a congenital 
development from the fibrous band of the mitral ring. On the other 
hand, the presence of both acute and chronic rheumatic lesions in the 
interstitial tissue points to an inflammatory reaction as a possible 
etiological factor. Certainly, coronary occlusion and syphilitic inflam- 
matory reactions are eliminated as factors in the formation of this 
saccular aneurysm. 

SUMMARY 

The necropsy observations on an unusual and rare cardiac aneurysm 
in a child are reported. The anatomic characteristics of the structure 
suggest that it was a congenital abnormality arising from the fibrous 
band of the mitral ring. 
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Corr esp ondence 


To 1 lie Editor: 

In the paper hv Wood, Wolferth, and Geckeler, entitled ‘‘Histologic 
Demonstration of Accessory Muscular Connections between Auricle and 
Ventricle in a Case of Short P-R Interval and Prolonged QRS Com- 
plex,” published in the American* Heart Journal, April, 1943, p. 454, 
there appears parenthetically the categorical statement : “Kent was the 
first to describe the aurieidovenlricular bundle, although His’ name has 
been applied to it,” which I feel should not lie permitted to pass un- 
challenged. 

I have prepared a fully documented analysis of the relevant literalurc, 
but it is entirely too long for publication as “Correspondence.” What 
follows is a brief summary of the cardinal points made in the full ac- 
count, which I am attaching to this letter. 

In 1892-1 S93, Kent searched for muscular tissue bridging the A-Y 
junction in subhuman hearts. In one and the same heart he claims to 
have found it crossing the ring in various localities in the form of 
“nets,” “bands,” and “sheets.” Yet lie concluded this series of papers 
with the statement: “In a later paper I propose to deal with the exact 
location of the connection between auricles and ventricles. ...” The 
illustrations consist of seven reproductions of histologic preparations. 
One is from the “junction of right auricle and ventricle:” the part of 
the junction supplying the other sections is not specified. In none can 
features characteristic of the A-Y bundle be recognized. 

In 1894, relative to the human heart, he speaks of “strands” of 
muscular tissue, passing across the groove in unspecified locations, and, 
in addition, describes a mass muscular continuity, not at all resembling 
the A-Y bundle, but in a situation which might have included the 
septum, although, if this mass contact included, or was in, the septum, 
that is not mentioned. 

In a series of papers published during 19.13-1914, Kent, without in the 
meanwhile having dealt “with the exact location of the connection.” 
(1) states lie has maintained since 1892 that “the muscular path of 
communication is undoubtedly multiple:" (2) deals .specifically with 
“a muscular connection ... at the right margin of the heart,” which he 
says he “described in 1892 in lower animals and in 1893 in man” (1 
have not succeeded in finding specific mention of a connection in that 
location in the only paper by Kent [1894] that deals with the human 
heart) ; and (3) states that after severing “all of the structures which 
connect the auricles to the ventricles with the exception of a strip of 
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tissue on the right lateral aspect of the organ, spontaneous heats arising 
in the auricle still pass through to the ventricle and evoke ventricular 
beats, ” a result which, I say advisedly, never has been confirmed by any 
investigator. 

Certainly no one could have surmised, on the basis of the above ex- 
hibit, that there is a particular muscular connection in the septal region 
of the A-V junction, or that functional integrity of a path there, is 
essential to the maintenance of the normal A-V sequence. 

Now for the chronology of the A-V bundle. It is exactly identified, 
both descriptively and pietoriallv, in a number of mammals including 
man, by His, in a paper appearing in “Arbeiten aus der medizinischen 
Klinik zu Leipzig,” the preface to which, dated March, IS93, states' that 
the volume consists of “an account of research conducted during the 
last four years. ...” 

In 1895, His announced that section of only this one bundle produces 
lasting heart block, a result since abundantly confirmed ; and, in 1899, 
he described the first case of heart block to be recognized in man. . Here 
His thus summarizes correctly the situation relative to the question of 
muscular continuity across the layer of connective tissue in the A-V 
junction: “Muscle fibers,” he says, “have been found in this layer 
(Kent) and I myself have demonstrated a bundle which is present both 
in mammals and in man, and runs from the posterior wall of the right 
auricle to the ventricular septum.” 

In conclusion, may I add that if, as Kent maintains, there is a right 
lateral muscular connection in all mammals (in addition to the many 
other connections he claims he has seen), it is obvious that it does not 
function as a path for A-V conduction under experimental conditions, 
Kent to the contrary notwithstanding. And if it is such a right lateral 
connection that is responsible for the rare clinical condition described 
by Wood, ct al., one ponders the nature of the process that converts a 
connection which cannot, by experimental procedures, be made to con- 
duct vicariously, into one which transmits impulses faster than the 
normal path. Is it not possible that short P-R intervals may be the re- 
sult of a physiologic anomaly rather than an anatomic anomaly? 

Joseph Erlanger 
St. Louis, Mo. 
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Selected Abstracts 


Bond, D. D.: Sympathetic and Vagal Interaction in Emotional Responses of the 

Heart Rate. Am. .T. Physiol. 138: -1 »',S. 1043. 

Changes in heart rate of nnanesthcti/ed dogs and cats, startled by a short, un- 
expected noise, were recorded electrically. The cardiac responses from the animals 
when normal were compared to the responses from the same animals after various 
nerves had been out. 

Intnet dogs and cats yielded a complex pattern of a sudden, high rho in heart 
rate, beginning immediately after the startle. This was successively followed by a 
sharp fall, more pronounced in dogs, a second rise of variable height, and, thereafter, 
several undulations in rate until a termination of the response in two to three 
minutes. 

Adrenaline plays a more prominent role in cats than in dogs: but its action in 
either species appears only after twelve seconds. 

Dogs in which the vagi and depressors were cut and adrenaline excluded showed 
jiure accelerator activity. The response was similar to that of the normal in prompt- 
ness and magnitude, hut was simpler, with no secondary fall or further undulations. 

In dogs and cats with the sympathetic eardio-aeoclerators removed, and with 
adrenaline excluded, startle was promptly followed by inhibition of vagal tone. 
Cats, in addition, showed an acceleration that was greater than could be accounted 
for by loss of vagal tonic influence alone. Unless there were a few rapid beats of 
vagal origin occurring in certain individuals immediately after the stimulus, no fall 
in rate subsequent to the initial rise was seen. If these rapid beats were present, 
they were commonly followed by one very slow beat only. This seems to indicate 
that usually the increase of heart rate did not raise arterial pressure to a degree 
sufficient to trip a depressor mechanism acting primarily through the vagus. Evi- 
dence is presented that the carotid sinus is involved. 

The effect of respiration on cardiac rhythm is complex and may greatly affect 
the pattern of response. Apnea may cause a speeding of the heart or may be ac- 
companied by a slowing. 

The discussion deals with the quick activity of the sympathetics, the role of the 
vagus, and the relation of tiie responses reported here to those obtained by others 
from direct and reflex cardiac acceleration. Author. 

Httcliings, G. H., Daus, M. A., and Wcarn, J. T.: Chemical Changes in the Rabhit 

Heart During Hypertrophy. Am. .T. Physiol. 138: 5:17, 31M3. 

When aortic insufficiency is produced in the rabbit heart by rupturing an aortic 
valve leaflet, rapid changes occur in t lie chemical composition of the myocardium. 
During the first three days there is a transient increase of extracellular phase of 
considerable magnitude. The intracellular phase appears to hypertrophy at a more 
or less roust ant rate for several weeks, after which further inereases cannot be 
clearly distinguished. The hypertrophied hearts at intermediate periods are charac- 
terized by a proportion of intracellular phase somewhat greater than normal, but of 
approximately normal composition, except for an increased intracellular water con- 
tent. At later periods, a tendency for a loss of intracellular constituent'; is observed. 

AVTKORS. 
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Rosenblueth, A., and Acheson, G-. H.: The Influence of Interelectrodal Distance in 
Electrical Stimulation of Nerve and of Striated and Ventricular Muscle. Am 
J. Physiol. 138: 583, 1943. 

With short distances between the stimulating electrodes, the threshold of C nerve 
fibers rises significantly, but not as much as does that of A fibers. 

The threshold of striated and ventricular muscle to electrical stimuli is inde- 
pendent of the interelectrodal distance. The threshold of striated muscle is also in- 
dependent of the angle between the stimulating current and the muscle fibers. 

Authors. 

Neumann, C.: A Study of the Effect of Spontaneous Variations in Blood Pres- 
sure Upon Spontaneous Variations in the Volume of the Finger Tip. Am. J. 
Physiol. 138: 618, 1943. 

By the simultaneous use of a pletliysmograpli for recording changes in volume of 
the tip of the left index finger, and of an intra-arterial manometer for obtaining 
synchronous readings of the blood pressure of the left radial artery, it was shown 
that the spontaneous variations (increase or decrease) in volume of the finger tip are 
not concordant with spontaneous changes in blood pressure (? Traube-Hering waves), 
and are present even in the absence of measurable variations in blood pressure. A 
few exceptions were noticed. Rises in systemic blood pressure during expiration were 
accompanied by variable but small increases in volume of the finger tip. Marked 
lowering of blood pressure accompanying cardiac asystole was reflected in a de- 
crease in volume. The rule then seems to be that variations in the volume of the 
finger tip usually go on independent of changes, or lack of change, in blood pres- 
sure, though under certain conditions there may be a transitory relationship. When 
present, it is manifested by an increase in volume when there is a rise in blood 
pressure. 

Author. 


Lewis, T.: Trosseau’s Phenomenon in Tetany. Clin. Sc. 4: 361, 1942. 

In a case of tetany, Trosseau’s sign was easily elicited. It has been shown, in 
this case, that the spasmodic affection of the hand, on occluding the circulation to 
the arm, resulted from ischemia of the nerves under the cuff. The phenomena of 
irritation described by Trosseau, and those of paralysis where the nerves of the nor- 
mal limb are deprived of circulation, are interestingly comparable, though the former 
are naturally much earlier manifestations. 

Author. 

Lewis, T.: Observations Upon the Vascular Axon Reflex in Human Skin, As Ex- 
hibited by a Case of Urticaria, With Remarks Upon the Nocifensor Nerve 

Hypothesis. Clin. Sc. 4: 365, 1942. 

A case of urticaria, with occasional subcutaneous swellings, is described, in which 
a general skin eruption could be produced by applying heat to the lower limbs. 

In addition,- a constellation of urticarial wheals could be produced at, and around, 
the site of a quite local cutaneous stimulus, such as heat, freezing, severe pressure, or 
faradism ; it could be reproduced around histamine punctures of the skin. 

The constellation of wheals fell always within the area exhibiting the vascular 
flare, and, when sufficiently extensive, corresponded closely with the distribution of 
the latter. 

As in the case of the flare, so this reaction was found to be dependent upon the 
functional integrity of cutaneous nerves, but to be independent of the central nervous 
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.system. Flare and pat ollitc wheal are regarded as produced through the same nervous 
mechanism, an axon reflex. 

Because general whcnling of this patient's shin could he induced by injecting 
pilocarpine subcutaneously, and local tvhealing, by ionizing either pilocarpine or an 
acetylcholine compound into the skin, and because the spontaneous eruption could be 
controlled by atropine, the nerves involved arc regarded ns cholinergic. 

The occurrence of satellite wheals in the area of flare is evidence of Tl-substance 
release through the axon rotlox. .Such a release links the axon reflex effects with 
antidromic vasodilatation. In view of the work of Grant, Pearson, and Oomoau, and 
of the present observations, both these effects tire now regarded as produced by one 
and the same system of cholinergic nerves. 

The abnormal factor in the patient was in the skin itself, this organ being 
rendered unusually responsive by some abnormal quality of the patient’s blood 
plasma. 

Between two hypotheses, that which supposes antidromic impulses and axon re- 
flexes to make use of sensory (pain) nerve channels, and that which supposes them 
to make use of special (nocifensor) nerve channels belonging to flic posterior root 
system, the balance of evidence appears still to favor the latter. 

Armor., 

CoHen, H., and Jones, H. W.: The Reference of Cardiac Pain to a Phantom Left 

Arm. Brit. Heart .T. 5: 07, 19-13. 

Two cases are recorded of cardiac pain referred to a phantom left arm. 

Anesthetization of the brachial plexus of the phantom caused, in one case, aboli- 
tion of the phantom component of the cardiac pain, and in the other, significant de- 
lay in the appearance of the phantom component, which led to a reversal of (he site 
of onset and spread of cardiac pain. 

Atrrnons. 


Horvath, S. M., Dill, D. B., and Corwin, W.: Effects on Man of Severe Oxygen 

Lack. Am. J. Physiol. 138: 650, 1013. 

Schizophrenic patients have been subjected to severe anoxia over a period of several 
minutes either up to the point of unconsciousness or in some cases extending into 
unconsciousness. The following conclusions are drawn: 

Anoxia of severe degree produces no beneficial effects on the mental condition of 
this class of psychotic patients. 

Anoxia severe enough to produce brief periods of unconsciousness has no lasting 
harmful effects on the central nervous system. 

Respiratory stimulation by anoxia is strong ami sustained even during uncon- 
sciousness. 

lnferentially, circulatory function is also well sustained. 

There is a remarkably rapid return to normal when either air nr I I per cent oxy- 
gen is supplied. 

A mixture of J.2 per cent oxygen with nitrogen is equivalent physiologically to an 
altitude of about 33,000 feet. 

It. should be possible to descend with an opened parachute fiom 31,000 feet alti- 
tude, without oxygen equipment, with no ill effects from anoxia. 

Authors. 

Cosslo, P., Bcrconaky, I.. and Trimani, A.: The Formation of Auricular Diastolic 

Murmurs in Complete A-V Heart Block. Rev. argent, de cardial. 9: 23 s, 19 S3. 

The recording of the heart sounds in three cases of complete auriculovcntricular 
block showed that the auricular sound was forme.-] ],%■ two components of vibrations. 
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The first component was more marked at the beginning of the ventricular diastole, 
disappearing sometimes when auricular systole occurred at the end of the ventricular 
diastole. The second component did not change in intensity throughout diastole, 
or was more marked when it occurred toward the end of auricular systole. 

These findings support the hypothesis that the vibrations of the first component of 
the auricular sound are due to distention of the ventricle, while those of the second 
component are due to elevation and tension of the auriculoventricnlar valves, once 
terminating auricular systole. 

Authors. 

Bozler, E.: The Initiation of Impulses in Cardiac Muscle. Am. J. Physiol. 138: 

273, 1943. 

The action potentials of isolated cardiac muscle were recorded in an attempt to 
detect the processes which initiate the beats and which are responsible for the 
rhythmicity of heart action. Confirming earlier work on other muscles with auto- 
maticity, it was found that spontaneous impulses are initiated by weak local po- 
tentials, which are present in a large part of the muscular tissue, but which are 
strongest near the origin of the impulses. A phase of gradually rising negativity 
precedes each impulse in muscles with normal rhythmicity, but in injured muscles, 
there may be instead regular potential oscillations of gradually increasing magnitude. 
These oscillations give rise to the phenomenon of the Luciani periods if several waves 
in succession cause the discharge of impulses. 

Each impulse is followed by an afterpotential which is normally positive, but 
which is oscillatory under certain abnormal conditions. The oscillations of the after- 
potential may give rise to the discharge of further impulses like those of prepo- 
tentials. Acetylcholine diminishes the magnitude of the oscillations in the auricle 
and sinus venosus, but not in the ventricle; adrenaline increases their magnitude. 
None of the drugs alter their frequency. 

It may be expected that a consideration of the local potentials will be helpful in 
the understanding of certain types of abnormal rhythmicity of the heart. 

Author. 

Hoff, H. E., Nahum, L. H., and Kaufman, W.: Distribution in Leads I, II, and 

III of Potentials Applied to the Surface of the Heart. Am. J. Physiol. 138: 

C44, 1943. 

Potential differences applied across the surfaces of the right and left ventricles 
cause an upward deflection in the standard leads of the electrocardiogram when the 
negative electrode is on the right ventricle, and a down ward deflection uhen the neg- 
ative plate is on the left ventricle. 

Potential differences applied across the centers of the anterior surface of the right 
ventricle and the posterior surface of the left ventricle affect preponderantly Lead 
III of the electrocardiogram. The projection in the horizontal piano of the line 
joining these centers is roughly parallel to the longitudinal axis of the body. 

Potential differences applied across the centers of the anterior surface of flic left 
ventricle and the posterior surface of the right ventricle are recorded preponderantly 
in Lead I. The projection in the horizontal plane of the line joining these centers 
is roughly parallel to the transverse axis of the body. 

Authors. 

Langendorf, R., Hurwitz, M., and Katz, L. N.: Electrocardiographic Patterns of 

Combined Ventricular Strain. Brit. Heart J. 5: 27, .1943. 

An analysis of forty-seven cases showing a combination of features of right 
and left %'entricular strain in the cardiogram is presented. These were then cor- 
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related with clinical data and, in nineteen instances, with t lie available autopsy 
findings. 

Six electrocardiographic patterns of combined ventricular strain are described. 

The cardiographie diagnosis of combined ventricular strain was substantiated by 
clinical, radiologic, or post-mortem evidence in SI per cent of the cases. 

In a control group of twenty-nine autopsied cases of bilateral ventricular hyper- 
trophy, in the absence of myocardial infarction, acute cor pulmonale, intraventricu- 
lar block, or digitalis effect in the cardiogram, cardiographie evidence of combined 
strain was present in 27.5 per cent. In 55 per cent of the same series, no ventricular 
preponderance and no axis deviation, or only normal right or left axis shift, were 
present; this substantiates the statement that absence of ventricular preponderance 
in the cardiogram, in the presence of clinical or radiologic evidence of cardiac en- 
largement, is presumptive evidence of combined ventricular strain. 

Other factors like displacement of the heart, congenital anomaly of the conduc- 
tion system, or focal intraventricular block may be responsible for a pattern sug- 
gestive of combined ventricular strain. 

Further anatomical correlation studies nre necessary to establish the diagnostic 
accuracy of the cardiographie patterns- of combined ventricular strain. 

A unions. 


Williams, C., and Ellis, L. B.: Ventricular Tachycardia: An Analysis of Thirty- 

Six Cases. Arch. Int. Med. 71: 137, 

An analysis is reported of thirty-six cases of paroxysmal ventricular tachycardia. 
In twenty-four, the electrocardiograms showed the ‘attack to be uninterrupted, and 
in twelve the attacks ^occurred in short, runs of tachycardia interposed between 
periods of normal supraventricular conduction. Those two types have been arbi- 
trarily designated as “persistent” and “intermittent” tachycardia. 

In all but one case, organic heart disease was present : in twenty-eight cases it was 
of the degenerative type. 

Digitalis intoxication was clearly associated with the attack in eight instances 
and was the probable precipitating factor in nine more. One patient had received 
large doses of both digitalis and quinidine prior to the onset of the attack. Attacks 
occurred in association with myocardial infarction six times, and in tluee instances, 
myocardial infarction was probably present. 

Twenty-one patients died in the hospital, eight in the attack, and twelve (all but 
one of the remainder) within a month of its cessation. 

The occurrence and prognosis of the attacks have also been analyzed in respect to 
associated electrocardiographic abnormalities and sucli factors as age, heart rate, and 
width of QltS. The prognosis of paroxysmal ventricular tachycardia is serious, but 
it is essentially the prognosis of the underlying heart disease present. Tn our series, 
the prognosis of the “intermittent” type was somewhat better than that of the 
“persistent” type. 

The physiologic mechanism involved, the clinical symptomatology, the criteria 
for the clinical and electrocardiographic diagnosis, and the therapy of the attacks 
with particular reference to quinidine are discussed. 

Atnnioits. 

Peel, A. A. F.: Congenital Heart Block With Atrial and Ventricular Septal De- 
fect. Brit. Heart ,T. 5: 11, 1013. 

A case of atrial septal defect with ventricular septal defect and congenital com- 
plete heart block is described and discussed. The patient bad fairly goo-] health 
until she was -10 years of age, and was still working as a housekeeper at -i'i years 
°f a S e - ArTtion. 
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Campbell, M.: Congenital Complete Heart Block. Brit. Heart J. 5: 15, 1943. 

The present condition of seven patients with congenital complete heart block, now 
aged 42, 36, 31, 28, 26, 25, and 22 years is reported. Full details about six of the 
cases were published nine years ago. All six and one other (first seen shortly after 
the paper was published) have been traced, a very satisfactory result after this inter- 
val of nine years, especially in war time. 

All are alive and well, and their degree of activity could be taken as a fair cross 
section of the general public. Of the four men, two are working men, who, though 
rejected from the army, have led strenuous lives, both in their work and in their play, 
almost certainly doing more than they ought to as their hearts are not normal. One 
has been two years in the R.A.F. and has been passed for flying duties, and the 
fourth is a professional man who leads a normal life, with gardening and cycling 
in his spare time. 

Of the three women the eldest does ordinary housework on a farm, but the other 
two lead rather more sheltered lives, possibly because their doctors discouraged 
them. One was at easy work till she . developed tuberculosis a year before her mar- 
riage, .and the other, after doing light duties at home for six years, has taken up 
sedentary w r ork since the war. Except for the one case of tuberculosis, no unex- 
pected developments have arisen in any case, and the one who had Stokes-Adams 
attacks in infancy has led the most strenuous life, with only two short periods of 
recurrences. 

Congenital complete heart block is not rare. It is overlooked because the rate is 
relatively fast, about 40 to 56, and also because the possibility is not remembered. 

If there are no special complications carrying special risks of their own, the prog- 
nosis is good, and it will probably prove that the condition is compatible with sur- 
vival to old age. 

Author. 

Touroff, A. S. W.: Blood Cultures From Pulmonary Artery and Aorta in Patient 

With. Infected Patent Ductus Arteriosus. Proc. Soc. Exp or. Biol. & Med. 49: 

568, 1942. 

Blood was taken and cultured directly from the aorta and pulmonary artery 
during an operation for subacute bacterial endarteritis superimposed on patent 
ductus arteriosus. The results demonstrated that the lungs removed infective ma- 
terial from the circulating blood of human beings and that, in the type of case un- 
der consideration, infective material enters the peripheral circulation, at least in 
part, through the pulmonary circuit. 

Ivershbaum. 

Roosen, R.: The Role of Human Microdiencephalus in the Pathogenesis of De- 
generative Heart Disease. Cardiologia 6: 214, 1942. 

The degenerative heart and vessel diseases are not primary, independent changes 
but conditions following human microdiencephalus. 

Author. 


Bramwell, C.: Signs Simulating Those of Mitral Stenosis. Brit. Heart 5: 24, 
1943. 

In a consecutive series of 835 recruits, a duplicated second heart sound (generally 
associated with an apical systolic murmur) was present in 157 cases. 

The duplicated second heart sound was best heard when the patient laj on his 
left side; the reason for this is discussed. Duplication of the second heart sound 
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was much more common in men tinder 20 years of ago than in older recruits, Seventy 

per cent of the men in whom it was present were considered tit for Grade 1. Radios- 

copy in these cases generally showed an increased prominence of the pulmonarv arc. 

•Since the production of an obstructive murmur depends on the degree of obstruc- 
tion relative to the velocity of the blood current, it is suggested that an increased 

rate of blood flow through a normal mitral orifice may be instrumental in pro- 
ducing: (si) the accentuation and roughening of the first heart sound heard in 

certain athletes, in thyrotoxicosis, and in other conditions in which the heart is over- 
acting. and (b) the duplicated second heart sound heard in healthy subjects. Ruth 
these signs arc therefore regarded as signifying a "relative" mitral stenosis. 

This hypothesis entails a physiologic conception of mitral stenosis based on the 
volume of blood which an orifice of a certain size can transmit in unit, time. 

Author. 

Jager, B. V., and Ransmcicr, J. C.: Constrictive Pericarditis Due to Bacterium 
Tttlr.rcjse. Report of a Case anti Review of Reported Cases of Pericarditis 
Occurring With Tularemia. Bull. Johns Hopkins JIosp. 72: Jfifi, 19K1. 

The authors have presented n case of tularemia of the typhoidal type with 
evidence of plcuritis and pneumonia. The illness was complicated by a constricting 
pericarditis which persisted after clinical recovery from the febrile illness. Roent- 
genograms following instillation of air into the pericardia! sac showed the peri- 
cardium to he markedly thickened. 7?. Uilarcnsc was recovered from the pleural 
fluid of this patient. In addition there was suggestive evidence that this organism 
was present in the pericardial fluid. The manifestations of nine additional cases of 
pericardial involvement in tularemia are tabulated and discussed. 

Authors. 


Ditkowsky, S. P-, Stevenson, E., and Campbell, J. M.: An Epidemic of Rheumatic 

Pever in a Children’s Institution Following an Outbreak of Acute Tonsillitis. 

,T. A. M. A. 121: 091, 1913. 

An epidemic of rheumatic fever in a children’s school followed an outbreak 
of acute tonsillitis. Two hundred forty-one children had acute hemolytic, infections 
of the throat, and eighty-eight children in the institution showed manifestations 
of rheumatic fever. The conclusion readied after studying various features of the 
epidemic are: 

The epidemiology of rheumatic fever is closely linked with that of streptococcic 
infections of the upper respiratory tract. 

Familial prediposition on the basis of specific tissue susceptibility probably is an 
important factor in the pathogenesis of rheumatic fever. 

The most susceptible age group appeared to be between 9 and ]■} years. Sex 
did not appear to be a factor. 

Sixty-two children (05 per cent ) lind histories compatible with previous rheumatic 
infections. Sixty-one children had systolic apical murmurs elicited before the present 
rheumatic attack, most, of them having the characteristics ascribed to functional 
murmurs. This would suggest that the murmurs should be observed repeatedly be- 
fore they are dismissed as insignificant. 

No direct correlation could be made between meteorologic conditions and the 
incidence of rheumatic fever. It was felt that they were important so far as thev 
were related to the seasonal incidence of infections of the upper re-piratorv tract. 

Authors. 
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Pox, T. T., and Kremer, H. S.: The Heart in Pulmonary Tuberculosis: Studies of 

the Auricular Complex in the Electrocardiogram. Am. Rev. Tuberc 47 - m 

1943. ‘ ' ’ 

Electrocardiographic tracings of 804 patients with pulmonary tuberculosis were 
analyzed, with particular reference to the occurrence of abnormal auricular complexes. 

Sixty-nine tracings were found to possess abnormal P waves; thirty-eight tracings 
in this group had notching and spiking in Leads II and III; sixteen out of the 
thirty-eight tracings were associated with clinical and roentgenological evidence of 
bilateral tuberculosis and emphysema. 

Eifteen cases of severe emphysema were studied electrocardiograpliically. Eight 
cases had a low P„ and a notched and spiked P 5 and P 3 . 

Eifteen cases with post-mortem evidence of right ventricular hypertrophy, with- 
out hypertrophy of the left ventricle, showed findings not fully confirmatory of the 
observations stated above. The predominant electrocardiographic abnormality in this 
group was an abnormal P„. 

To study the effect of change in position on the auricular complex, ten cases with 
changes in the P wave of Lead I had electrocardiograms taken in the supine, left 
lateral, and right lateral positions. Only six cases had directional changes in the 
QRS complex. All cases showed changes in the configuration of the P wave with 
change of position of the patient. 

In order to see the effect of transient overfilling of the right auricle on the 
electrocardiogram, ten patients in congestive failure, with enlarged livers and 
prominent jugular veins, had tracings taken prior to, and after, pressure upon the 
liver sufficient to increase the volume of the jugular veins to a marked extent. No 
change took place in shape or amplitude of the previously normal P waves in the 
eight cases with sinus rhythm. 

It is the authors’ impression that P-wave changes cannot serve as a criterion for 
the existence of cor pulmonale in cases of pulmonary tuberculosis (or other gross 
pulmonary disease) where such information is most desirable. On the other hand, 
P-wave changes are frequently the sole electrocardiographic evidence of mediastinal 
displacement. 

In the course of this study two additional interesting observations were made: 

In a limited number of cases studied, inversion of the P, was almost universally 
associated with displacement due to right pneumothorax. 

Changes in the measurable P-R interval in the electrocardiogram of cases with 
pulmonary tuberculosis may be due to mediastinal displacement or distortion. These 
changes are probably expressions of structural divergences of the P waves, and 
are not indicative of altered A-V conduction or shift in the pacemaker. 

Authors. 

Fitz, R., Walker, B. S., and Branch, C. F.: Polycythaemia Vera: Report of a 

Case. Arch. Int. Med. 70: 919, 1942. 

The case described appears unusual in that it is the first example of the disease 
to be described in which the clinical picture of polycythemia vera was seen to 
develop in a person previously regarded as normal, and in which its clinical earmaiks 
disappeared under treatment, leaving behind a variety of interesting vestiges of its 
previous existence. The blood count had returned to normal in every way, and had 
remained normal for the rest of the patient’s life. He died suddenly four and one- 
half years after his course of roentgen treatment had been completed. Examination 
of vertebral and sternal bone marrow, and of the spleen showed a degree of 
hematopoietic activity not ordinarily encountered in a person with chronic heart 
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failure. Tlie individual died with a general vascular lesion which may have lieen 
related to the polycythemia. The authors discuss various phases of the situation and 
the possible causes of polycythemia. 

* McCn.t.ont. 

Grollman, A., and Rule, C.: Experimentally Induced Hypertension in Parabiotic 

Rats. Am. .7. Physiol. 138: 5S7. 1013. 

Hats were joined in parabiotic union and their systolic blood pressures de- 
termined daily, following operative proeedures on the kidney. Parabiotic, individuals 
retain an independence of their circulatory adjustments: hypertensive blood pressure 
levels may be maintained in one member of a parabiotic, pair, while the blood pres- 
sure of the co-twin remains normal. In some instances, however, the hypertensive 
action induced by procedures on the kidney is transmitted to the intact co-twin. The 
results are interpreted as being most consistent with the view that the kidney normally 
elaborates a substance necessary for the maintenance of normal blood pressure levels. 
The hearing of the results on other current theories of the pathogenesis of experi- 
mental renal hypertension is discussed. 

A it] roes'. 

Abell, R. G., and Page, I. H.: The Effects of Renal Hypertension on the Vessels 

of the Ears of Rabbits. Kxper. Med. 75: 073, 10 )2. 

Experimental renal hypei tension in rabbits causes persistent, visible eom-trietion 
to occur in the arterioles of the ears which is not great enough to restrict the tbnv 
of lilood to the tissues hut is sufficient to increase peripheral resistance. The con- 
striction is due to the direct action of a substance on the arterioles since it occurs in 
the absence of nerves to vessels. Tt is associated with the appearance of new arterio- 
venous anastomoses. Since many of the-o? phenomena have been reproduced by injec- 
tion of angiotonin, this evidence is consonant with the view that (he hypertension 
is due to angiotonin or some similar substance. 

Arrwws. 

Eichclbcrger, L.: The Distribution of Water and Electrolytes Between Blood and 

Skeletal Muscle in Experimental Hypertension. .T. Kxper. Med. 77: 205, IP 13, 

The effect of an abnormal renal circulation and a resulting hypertension on the 
distribution of water and electrolytes in skeletal muscle of dogs was as follows: By 
analysis of the muscle the total content of sodium and chloride was found increased, 
and the total potassium content decreased. A redistribution of water occurred in the 
muscle, involving a shift of water from the muscle cells to the extracellular phase 
(F) = 254, plus-minus 54 Om., intracellular water (IT/)),. — 532, plus-minus 47 Gnu, 
and total solids (S) sz 211, plus-minus S Gin. This extracellular phase volume of 
231 Gm. represents an increase of i">5 per rent over that found in normal dog 
muscle. 

After subjecting the hypertensive dogs to large increases in *otal body water pro- 
duced by the intravenous injection of normal isotonic salt solution, the total bulk of 
1 kilogram of muscle increased a mean average of JO:: Gm.. of which one-half was- 
attributed to t lie extracellular phase and one-half to the swelling of the muscle cells. 

Whether the changes found in this study arc tin* reMiit of the functional disturb- 
ances caused by the experimental renal abnormalities, or the hypertension, or a com- 
bination of both is uncertain at this time. The significan-v of the results is that 
there is quantitative evidence that a redistribution of water has occurred in skeletal 
muscle so that a real extracellular edema exists. 


Armor.. 
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Wiggers, C. J., Wegria, R., and Nickerson, N, D.: Reactions of the Aorta in 
Hemorrhagic Hypotension and Shock. Am. J. Physiol. 138: 491, 1943. 

On the basis of negative evidence from three modes of experimental approach, the 
authors conclude that it appears highly improbable that active changes in the aortic 
wall play any role in the initiation or progression of hemorrhagic shock or in the 
establishment of an irreversible state. 

Authors. 

Page, I. H., and Abell, R. G.: The State of the Vessels of the Mesentery in Shock 

Produced by Constricting the Limbs and the Behavior of the Vessels Following 

Hemorrhage. J. Exper. Med. 77: 215, 1943. 

Direct observations of the arteries, arterioles, capillaries, veins, and lymphatics 
in the mesenteiy of anesthetized cats put into shock by incomplete occlusion of the 
circulation showed that: 

Marked constriction of the arteries and arterioles, produced by muscular contrac- 
tion, occurred usualh- within an hour after incomplete occlusion of the limbs, lasted 
several hours, and finally gave way in most instances to relaxation an hour or more 
before death. The constriction reduced the blood supply to the mesentery and in- 
testine, and the venous return from them. It did not, however, interrupt the blood 
flow. No pooling or stagnation of blood was seen even as a terminal phenomenon. 

The veins of the mesenteiy also became constricted, but showed less tendency 
to dilate as death approached. The lymphatics likewise became somewhat narrowed. 
Even during the terminal stage the leucocytes moved along without change in shape 
and without sticking to the walls of the capillaries or venules. 

Hematocrit determinations showed progressive hemoconcentration of moderate 
degree. 

Autopsy usually showed the presence of small hemorrhages in many parts of the 
body, especially the heart, liver, spleen, and lungs. 

Bilateral nephrectomy, suprarenalectomy, and pancreatectomy did not sigmficantly 
alter the morphologic picture elicited by shock induced by restriction of the circula- 
tion to the limbs. 

Removal of large amounts of blood was always followed within a short time by 
constriction of arteries, arterioles, veins, and lymphatics of the mesentery. 

Fall in arterial pressure produced by pithing was not accompanied by change in 
diameter of the arteries, arterioles, veins, or lymphatics, or by blanching of the 
mesentery or gut. 

Authors. 

Rich, A. R., and Gregory, T. E.: The Experimental Demonstration That Peri- 
arteritis Nodosa Is a Manifestation of Hypersensitivity. Bull. Johns Hopkins 

Hosp. 72: Go, 1943. 

Typical diffuse periarteritis nodosa has been produced experimentally by establish- 
ing in rabbits a condition analogous to serum sickness in man. 

These experiments demonstrate that periarteritis nodosa is one manifestation of 
the anaphylactic type of hypersensitivity. 

The clinical and pathologic evidence, presented in previous papers, shows that 
periarteritis nodosa has developed in patients as a result of hypersensitive reactions 
following foreign serum and sulfonamide therapy. This is supported by the present 
experiments, and shows that widely different types of sensitizing antigens are capable 
of causing periarteritis nodosa in man, and suggests the advisability of attempting to 
discover and to eliminate the responsible antigen in each ease diagnosed clinical 1} . 

The continued administration of foreign serum or sulfonamides after a hj per 
sensitive reaction has occurred, or the injection of a single large amount of foreign 



SELECTED ABSTRACTS 


•J33 


serum, increases the danger of producing the vascular damage by prolonging the 
contact of the sensitized body with the offending antigen. 

Acuto diffuse glomerulonephritis occurred in a number of the animals that de- 
veloped a hypersensitive reaction to the foreign serum. This supports the view that 
some cases of glomerulonephritis in man may be due to liypersensitivitv. 

Authors. 

Steiner, A., and Domanski, B.: Serum Cholesterol Level in Coronary Arterio- 
sclerosis. Arch. Int. Med. 71: 307, 3013. 

The serum cholesterol level in patients with coronary arteriosclerosis is significantly 
higher than the serum cholesterol level in normal subjects. 

The scrum cholesterol level in patients with coronary arteriosclerosis is inconstant 
and fluctuates widely. 

The claim of relative constancy of the serum cholesterol level in normal persons is 
further substantiated. Authors. 

Loutit, J. F., Mollison, M. D., van dcr Walt, E. D.: Venous Pressure During 

Venesection and Blood Transfusion. Brit. M. J. 2: G5S, 3042. 

The venesection of normal subjects is accompanied by a fall in venous pressure. 
During the following thirty minutes there is a return toward the original venous 
pressure, although this level is not regained in this period. 

During the transfusion of ldood to unselected hospital patients there is, in the 
majority of cases, a rise of venous pressure which is approximately proportional to 
the amount given and occurs more frequently at the faster rates. - Signs and symp- 
toms suggestive of peripheral vasodilatation were encountered in three of the forty- 
three cases transfused. In these cases vasodilatation occurred after a rise in venous 
pressure and was not followed by a fall. 

After transfusion, patients suffering from pulmonary disease showed signs of 
pulmonary congestion, as revealed by a reduction in vital capacity. This decrease 
was not related to the venous pressure changes. Authors. 

Abramson, D. I., Finchs, lv., Freiberg, J., and Mirsky, I. A.: Blood Flow in 

Extremities Ailccted by Anterior Poliomyelitis. Arch. Int. Med. 73: 301, 3043. 

The rate of blood flow during rest was measured by the venous occlusion pleihvsmo- 
graphic method in a series of twenty-seven subjects with acute or chronic anterior 
poliomyelitis of one extremity. 

It was found that in the majority of cases the peripheral circulation in the 
paralyzed limb was the same as that in the contralateral normal extremity; in fact, 
in some instances it was significantly greater. 

Evidence was obtained which indicated that the cutaneous blood vessels in the 
extremity affected by anterior poliomyelitis respond more markedly to the stimulus 
of cold than do those of the contralateral normal limb. The response takes the 
form of excessive vasoconstriction on exposure to a low environmental temperature, 
and is apparent as a significant decrease in cutaneous temperature. 

By studying the changes in blood flow during the reactive hyperemia elicited 
by a period of arterial occlusion, some evidence was obtained which suggested that 
the metabolism of muscles atrophied by poliomyelitis is the same as that of normal 
tissues. 

In view of the lack of evidence for the hypothesis that the peripheral circulation is 
reduced in persons with anterior poliomyelitis, it is concluded that ihore treatment - 
which have for an aim the increase in blood flow through the affected parts should 
be critically re-examined for their therapeutic value. Authors 
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Bordley, J., in, Gladston, M., and Dandy, W. B.: The Treatment of Essential 

Hypertension hy Sympathectomy. A Report on Twelve Patients Three to Seven 

Years Pollowing Operation. Bull. Johns Hopkins IIosp. 72: 127, 1943. 

The presence of incapacitating symptoms was the only criterion for sym- 
pathectomy in twelve patients with essential hypertension. 

The level of arterial pressure was lowered for six to eighteen months in four of 
the nine patients treated by the infradiaphragmatic operation (Adson-Craig), and 
for four and one-half years in one of the three patients treated by the supradiaphrag- 
matic operation (Peet), 

Symptomatic relief appeared to depend upon lowered arterial pressure in four of 
nine patients in whom it occurred. 

In two patients abnormal findings in the heart and eye grounds regressed during 
the period of lowered arterial pressure and returned after the arterial pressure rose 
again. 

Return of arterial pressure to preoperative hypertensive levels was not associated 
with regeneration of the sympathetic nerves supplying the lower extremities, which 
were severed during the Adson-Craig operation. 

Authors. 

Chen, K. K., Hargreaves, C. C., and Robbins, E. B.: Comparison of Digoxin, 

Digilanids A, B, and C, and Deacetyldigilanids A and B. J. Am. Pliarm. A. 

31 : 230 , 1942 . 

Six glycosides of Dif/iUilis Janata: digoxin, digilanids A, B, and C, and deacetyl- 
digilanids xV and B, have been assayed in cats and frogs. In cats, the order of 
activity from high to low is: digoxin and digilanid C, digilanids A and B, deacetyl- 
digilanid A, dcacetvldigilanid B. The results in frogs do not follow those in cats. 
The order of potency from high to low is: digilanid A, deaeetyldigilanid A, digoxin, 
deacetyldigilanid B, digilanids B and C. The differences of the last three compounds 
are apparently not significant. 

Authors. 

Chen, K. K., and Elderfield, R. C.: Synthetic Derivatives of Strophanthidin. J. 

Pharmacol. & Exper. Therap. 76: SI, 1942. 

Strophanthidin acetate and seven synthetic glycosides of strophanthidin all 
have a digitalis-like action. 

When assayed in cats and frogs, strophanthidin acetate, strophanthidm-^-rf- 
glucoside, -d-xyloside, and -t-arabinoside, prove more potent than strophanthidin. 
Strophanthidin-/?-tetraacety]-d-glueoside, -triacetyl-d-xvloside, -triacetyl-7-arabinoside, 
and -tetraacetyl-rf-galactoside, on the other hand, are weaker than strophanthidin. 

Strophanthidin-£-d-glueoside and -t-arabinoside are also more potent than cymann, 
the natural glycoside from which strophanthidin is originally obtained. Strophan- 
thidin-/?-d-xvloside is at least as active as cymarin. 


Authors. 
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Cmnicaj. Kokktckxoi.ocv or Tin: CAnniovAKcn,Au Syktkm: Hy Hugo Horsier, M.D., 
F.A.t Associate Professor of llocntgenologv and Cardiologist, Depart meiit 
of Medicine, Temple University {school of Medicine; t'ardiologist, Temple Uai- 
versity Hospital, Philadelphia. Second edition. Charles O Thomas, Springfield, 
Til., P.Uo, TSO pages, PC. 7 illustrations, .$7.50. 

The second edition of this authoritative volume has made its position as the 
classic work in the field of cardiovascular roentgenology fully secure. Housed in 
a handsome binding, printed with great clarity, adorned with numerous and un- 
usually well reproduced illustrations, the physical characteristics are in keeping 
with t lie nature of the contents, and both arouse enthusiasm on the part of the 
reviewer. Certainly no cardiologist, no internist, no roentgenologist can .afford 
to be without, this hook. 

The entire work lias been revised: greater detail lias been added to most of the 
chapters, and almost all the newest studies on roentgenologic examination of the 
heart have been included. The addition of about J.'ia pages of text, a similar 
number of new figures, and the inclusion of well over 2,500 references make the 
now edition most complete. The bibliography is particularly excellent; only a 
few of the important references of the past two years have been omitted. The 
increased material on roentgen technique is especially valuable. The author lias 
also added a considerable amount of detail on contrast cardiography, on cardiac 
measurements, and on the secondary changes in the lungs incident to cardiac 
failure. 

Obviously, there are some statements with which issue can be taken. For ex- 
ample, the conclusion that patency of the ductus arteriosus occurs more frequently 
in association with other congenital defects than ns a solitary process is not in 
accord with the experience of investigators who have studied this problem in con- 
nection with the surgical treatment. It may apply to stillborns and young in- 
fants. The author's detailed description of the roentgenologic characteristics of 
patency of the ductus arteriosus, however, is most timely, and represents tt con- 
servative and well-grounded estimation of the value of x-ray examination. On 
the whole, there is very little with which to disagree and very much to commend. 
The work is thorough, painstaking, sound, and well presented. The second edition 
of this book is a tribute to the publishers, and particularly to the author, whose 
authority in this field is unquestionable. 

L>:o O. Ilicr.cr:. 



American Heart Association, Inc. 

1790 Broadway at 58th Street, New York, N. Y. 


Dr. Rot W. Scott 
President 

Dr. Howard F. West 
Vice-President 


Dr. George R. Herrmann 
Treasurer 

Dr. Howard B. Sprague 
Secretary 


BOARD OP DIRECTORS 


*Dr. Edgar V. Allen Rochester, Minn. 
Dr. Arlie R. Barnes Rochester, Minn. 
Dr. Clarence de la Chapelle 

New York City 
Dr. Norman E. Freeman Philadelphia 
♦Dr. Tinsley R. Harrison 

Winston-Salem 
Dr. George R. Herrmann Galveston 

Dr. T. Duckett Jones Boston 

Dr. Louis N. Katz Chicago 

♦Dr. Samuel Levine Boston 

Dr. Gilbert Marquardt Chicago 

♦Dr. H. M. Marvin New Haven 

♦Dr. Edwin P. Maynard, Jr. Brooklyn 
•Dr. Thomas M. McMillan 

Philadelphia 

Dr. Jonathan Meakins Montreal 

Dr. E. Sterling Nichol Miami 


Dr. 

Dr. 

Dr. 

♦Dr. 

•Dr. 

Dr. 

Dr. 

Dr. 

Dr. 

Dr. 

♦Dr. 

Dr. 

Dr. 

♦Dr. 

Dr. 


Franklin R. Nuzum 

Santa Barbara 

Harold E. B. Pardee 

New York City 
William B. Porter Richmond, Va. . 
John Sampson San Francisco 

Roy W. Scott Cleveland 

Fred M. Smith Iowa City 

Howard B. Sprague Boston 

George F. Strong 

Vancouver, B. C., Can. 

William D. Stroud Philadelphia 

Harry E. Ungerleider 

New York City 
Howard F. West Los Angeles 
Paul D. White Boston 

Frank N. Wilson Ann Arbor 

Irving S. Wright New York City 
Wallace M. Yater 

Washington, D. C. 


Dr. H. M. Marvin, Acting Executive Secretary 
Anna S. Wright, Office Secretary 
Telephone, circle 5-S000 


' | 'HE American Heart Association is the only national organization devoted to 
educational work relating to diseases of the heart. Its activities are under 
the control and guidance of a Board of Directors composed of thirty eminent 
physicians who represent every portion of the country. 

A central office is maintained for the coordination and distribution of important 
information. Prom it there issues a steady stream of books, pamphlets, charts, 
films, lantern slides, and similar educational material concerned with the recognition, 
prevention, or treatment of diseases of the heart, which are now the leading cause of 
death in the United States. The American Heart Journal is under the editorial 
supervision of the Association. 

The Section for the Study of the Peripheral Circulation was organized in .1935 
for the purpose of stimulating interest in investigation of all types of diseases of 
the blood and lymph vessels and of problems concerning the circulation of blood 
and lymph. Any physician or investigator may become a member of the section 
after election to the American Heart Association and payment of dues to that or- 
ganization. 

The income from membership and donations provides the sole financial support of 
the Association. Lack of adequate funds seriously hampers more intensive educa- 
tional activity and the support of important investigative work. 

Annual membership is $5.00. Journal membership at $11.00 includes a year's 
subscription to the American Heart Journal (January-December) and annual 
membership in the Association. The Journal alone is $10.00 per year. 

The Association earnestly solicits your support and suggestions for its work. 
Membership application blanks will be sent on request. Donations will be gratefully 
received and promptly acknowledged. 


*Executive Committee. 


434 



American Heart Journal 

Vol. 2G October. 1943 No. 4 


Original Communications 


THE MECHANISM OF AURICULAR PAROXYSMAL 
TACHYCARDIA 

Paul S. Barker, M.D., Fraxk N. Wilsox, M.D., .\xn 
Fraxklix T). Joiixstox, M.D., Axx Armor, Mich. 

A URICULAR paroxysmal tachycardia was long ago described and 
recognized as a clinical entity, hut the fundamental mechanism or 
mechanisms responsible for this disorder have not yet been finally ascer- 
tained. '• 2 Unlike auricular flutter and auricular fibrillation, it cannot 
be readily induced in experimental animals, and cannot, therefore, be 
easily studied by this method. Speculations as to its nature must, there- 
fore. be based on pertinent observations on man. We propose to discuss 
from this standpoint the following features of this disturbance: (1 ) the 
form of the auricular deflections; (2) the effects of exertion, vagal stimu- 
lation, digitalis, quinidine, and other drugs upon the auricular rate and 
the duration of the paroxysms; (3) similarities, differences, and relations 
between it and auricular flutter and fibrillation; (4) the spontaneous 
occurrence of auriculovenf ricular block in a small number of cases and 
the difficulty or impossibility of producing it in most of the others: and 
(f>) the occurrence of alternation in the auricular cycle length. We wish 
particularly to examine the suggestion 3 that auricular paroxysmal tachy- 
cardia is caused by circus rhythm involving one of the specialized 
auricular nodes. 

When Mines 4 described circus rhythm he suggested that it might be 
responsible for some eases of paroxysmal tachycardia in man. Iliescu 
and fSebastianr’ were among the first to suggest that auricular paroxys- 
mal tachycardia is due to circus contraction. Their reasoning was based 
chiefly on the action of quinidine in this disorder. Lewis 1 pointed out 
that the total amount of auricular muscle is not sufficiently large to ac- 
commodate a circus mechanism at known rates of conduction in auricular 
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muscle and with cycles as long as those which occur in auricular paroxys- 
mal tachycardia. For this reason and because of the isoelectric intervals 
sepai ating the auricular deflections, he could not accept circus rhythm 
as the cause of this disorder. He did not mention the possibility that 
the path of the circus impulse might pass through one of the specialized 
auricular nodes. Ashman and Hull 3 have suggested that in auricular 
paroxysmal tachycardia there is a circus rhythm in which the re-entrant 
impulse passes through one of the nodes. In a necessarily brief discus- 
sion they presented only a part of the evidence which supports this view. 
They mentioned especially the effects of vagal stimulation and the slow- 
ness of the rate, as compared with auricular flutter, in relation to the 
slowness of conduction through nodal tissue. 

The Form of the Auricular Deflections . — The form of the auricular 
deflections was examined in the electrocardiograms of one hundred un- 
selected cases of auricular paroxysmal tachycardia. In thirty-four they 
were upright in Leads I and II, and in many of these the P waves 
closely resembled, or were identical with, those recorded when normal 
sinus rhythm was present. In fourteen cases the auricular deflections 
were inverted in Leads II and III. Iii fifty cases these deflections were 
intermediate in form, very small, flat or diphasic, or they were not 
clearly visible because they were small and superimposed upon some 
part of the ventricular complex. In many of the cases in which there 
were upright P waves the impulse must have entered the main mass of 
auricular muscle near the normal pacemaker in the upper part of the 
sinoauricular node. The inverted P waves suggest beats arising in or 
near the auriculoventricular node, or in some outlying part of the 
auricular muscle. The point of origin of beats represented by auricular 
deflections of intermediate form cannot be stated with certainty. 
Lewis 2 ’ 8 has shown that-deflections of this form may arise in a region 
between the upper part of the sinoauricular node and the auriculo- 
ventricular node, and that they may be produced by impulses arising 
in the lower part of the sinoauricular node. With two exceptions the 
form of the auricular deflections in the cases of auricular paroxysmal 
tachycardia which we reviewed is not inconsistent with the view that the 
paroxysmal focus lay in or near the sinoauricular node or in 01 near the 
auriculoventricular node. The exceptions were two cases in which the 
auricular deflections were inverted in Lead I and upright in Leads II and 
III. Such cases are very uncommon ; in them the form of the auricular 
deflections suggests a focus located in the upper part of the left atrium. 

The Stability of the Bate— In auricular paroxysmal tachycardia the 
auricular rate is ordinarily remarkably constant. It is not, as a rule, in- 
fluenced by rest, posture, emotion, or exertion. It is not under the con- 
trol of the extrinsic cardiac nerves, as are slower rhythms of the normal 
type arising in the sinoauricular node or the auriculoventricular node. 
Even at the onset of attacks, and at the end of paroxysms terminating 
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spontaneously, there is usually little or no alteration of the rate. The 
patients with upright auricular deflections in Leads I and II. and espe- 
cially those with atrioventricular block, show somewhat more variation 
in auricular rate than do those whose auricular waves arc inverted or 
intermediate in form, with no block. 

Exercise . — The auricular rate in auricular paroxysmal tachycardia is 
sometimes increased by exercise, 70 - s but in auricular fibrillation the op- 
posite is usually observed.” t Slowing of the fibrillating auricles on 
exertion is attributed to a reduction of vagal tone: atropine also slows 
the rate of the fibrillating auricles.” The acidosis accompanying exer- 
cise should, by depressing conduction in the auricles, tend further to re- 
duce their rate .' 1 * 12, 13 The occasional increase in the rate of auricular 
paroxysmal tachycardia on effort may be attributed to a reduction of 
vagal tone; acidosis should cause slowing, whatever the mechanism. 

Stimulation of the, Vafins . — In auricular paroxysmal tachycardia, 
pressure upon the carotid sinus and other measures which stimulate the 
vagus nerves not uncommonly slow the rate of the paroxysm and fre- 
quently restore normal rhythm.”' ,r ’ As a rule the slowing occurs im- 
mediately preceding the termination of the attack, but occasionally the 
rate is slowed when the attack is not stopped. 

Vagal stimulation diminishes the rate of impulse production in the 
sinoauricular and the aurieuloventricular node, and depresses conduction 
in the latter. Its effect upon the rate of conduction in the sinoauricular 
node and upon the rate of impulse production in auricular muscle out- 
side the nodes is not known. Vagal stimulation shortens the effective 
refractory period of ordinary auricular muscle and improves its con- 
ductivity. In disorders caused by circus rhythm in auricular muscle 
these effects tend to increase the number of cycles per minute.’" The 
slowing of the rate of paroxysmal tachycardia and the restoration of 
normal rhythm by vagal stimulation cannot be explained by the effect 
of increased vagal tone upon the characteristics of the ordinary auricular 
muscle, and are most logically attributed to the action of these nerves up- 
on the nodes. 

Digitalis . — Like vagal stimulation, digitalis often slows the rate of 
auricular paroxysmal tachycardia and restores normal rhythm.” Oc- 
casionally the drug slows the rate without stopping the tachycardia, but 
usually the slowing occurs only a short time before the termination of 
the attack. Digitalis acts directly upon the heart muscle, and indirectly 
by stimulating the vagus nerves. In auricular fibrillation and flutter the 
increase in the circus rate produced by the drug is apparently caused 
primarily by increased vagal tone, which shortens the refractory period 
of the ordinary auricular muscle. The slowing of the ventricular rate 

•Case ?. 

tDomnor” lias observed in auricular flutter an increase in auricular rate nUrr 
exercise. Tills is exceptional. 
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is due to both a direct and an indirect depression of the conductivity of 
the ati ioventrieular node. The effects of digitalis in paroxysmal 
auricular tachycardia cannot be attributed to shortening of the refrac- 
tory peiiod of the auricular muscle, and would seem to depend upon its 
nodal action or upon some effect as yet unknown. The effect of digitalis 
upon conduction within the sinoauricular node is not known. The direct 
action of the drug upon auricular muscle is to increase its effective re- 
fractory period and to depress its conductivity . 18 - 19 This effect can 
scarcely account for its ability to slow or abolish auricular paroxysmal 
tachycardia ; it is opposed by the indirect vagal action of the drug upon 
the auricular muscle, and the effects of digitalization and vagal stimula- 
tion in the condition are similar, not opposite. The effect of the drug 
upon the rate of impulse production in auricular muscle outside the 
nodes is not known. If the slowing of the rate and the restoration of 
normal rhythm in auricular paroxysmal tachycardia are caused by any 
of the known effects of this drug, it would seem that they must be 
attributed to its effects upon nodal tissue. 

Quinidine . — Quinidine and quinine likewise often slow the rate of 
auricular paroxysmal tachycardia and sometimes restore normal 
rhythm . 5 - 8 - 20 These drugs, too, act upon the heart both directly and 
indirectly. The indirect effect is a reduction of vagal tone. In the 
auriculoventrieular node the direct and vagal actions are opposed; the 
direct effect is to depress conduction and the indirect to improve it. Con- 
sequently, the changes in auriculoventrieular conductivity are somewhat 
variable . 21 In auricular muscle both the direct and the indirect actions 
increase the effective refractory period and depress conductivity. It is 
through these effects that these drugs invariably slow the circus rate and 
often restore normal rhythm-in auricular fibrillation and flutter . 19 - 21 - 22 
In man they do not slow the rate of simple sinus tachycardia ; 20 - 23 in- 
deed, they often increase the rate of slower sinus rhythm . 20 In dogs both 
acceleration and slowing of the sinus rhythm have been observed under 
different conditions. 21 - 24 - 25 It is difficult to understand how the known 
effects of these dings upon conductivity and upon the effective refractory 
period can bring about slowing of the rate and restoration of normal 
rhythm in abnormal tachycardias not caused by circus rhythm. 

B elation to Auricular Flutter and Fibrillation — Auricular paroxysmal 
tachycardia sometimes changes spontaneous!}' to auricular flutter oi 
fibrillation, or flutter or fibrillation may change to paroxysmal tachy- 
cardia. 20 - 2T - 28 In some cases digitalis may have converted paroxysmal 
tachycardia into fibrillation . 7 - 29 Such changes in rhythm, although not 
common, suggest a relationship between these disorders. 

In the preceding paragraphs mention has been made of some of the 
similarities and differences between auricular paroxysmal tachycardia, on 
the one hand, and auricular flutter and fibrillation, on the other, with 
respect to the effects of exertion, vagal stimulation, digitalis, and 
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quinidino. Like paroxysmal flutter and fibrillation, auricular paroxys- 
mal tachycardia begins and ends abruptly. The auricular rate in 
paroxysmal tachycardia, as in flutter and fibrillation, is quite stable; it is 
not often influenced appreciably by rest, posture, emotion, or exercise, 
as is the normal sinus rhythm. Auricular paroxysmal tachycardia with 
partial auriculoventricular block resembles auricular flutter in many 
respects . 7, 30 Qninidine usually slows the heart rate in paroxysmal tachy- 
cardia, and always slows the circus rate in fibrillation and flutter, but 
does not slow sinus tachycardia. These features of auricular paroxysmal 
tachycardia suggest that its mechanism, like that of flutter and fibrilla- 
tion, may depend on circus rhythm. 

The mechanism of auricular paroxysmal tachycardia cannot, however, 
he a circus contraction involving ordinary auricular muscle only, like 
that of auricular flutter or fibrillation. In some instances exercise in- 
creases the rate of auricular paroxysmal tachycardia, but it usually slows 
the rate of the fihrillating auricles. Vagal stimulation and digitalis 
often slow the rate of paroxysmal tachycardia, whereas, in flutter and 
fibrillation, they increase the circus rate. Furthermore, as pointed out 
by Lewis." the total amount of auricular muscle is not sufficiently large 
to accommodate a circus mechanism at known rates of conduction and 
with cycles as long as those of auricular paroxysmal tachycardia. In 
addition, the auricular deflections of paroxysmal laehycardia. unlike 
those of flutter, arc separated by intervals of electrical quiescence, in 
which the galvanometer string is at rest in the isoelectric, position. 2, T> 31 

The separation of the auricular deflections of paroxysmal tachycardia 
by isoelectric intervals is shown commonly in standard leads, usually in 
chest leads, and always in esophageal leads; it is most clearly seen in 
cases of tachycardia with auriculoventricular block in those auricular 
cycles which are enlirelv free of venlricular deflections. 7 -"' This is 
quite different from flutter, in which the electrocardiographic oscillations 
are, continuous; the tracing never comes completely to rest at the iso- 
electric line. Complete separation of the auricular deflections is incon- 
sistent with circus rhythm unless some way is found to account ade- 
quately for isoelectric intervals during the continuous activity of the 
circus movement. They could be accounted for if the circus path 
travelled either the sinoauricular or the auriculoventricular node. 
While the advancing wave of activity was passing through the node, the 
amount of tissue entering the active state would be too small to produce 
electrical forces detectable by present methods. The observed auricular 
deflection would be inscribed by the activation of auricular muscle after 
(lie impulse emerged from the node. Its form and direction would be 
governed by the point at which the impulse entered the main body of 
the auricular muscle. Impulses emerging from the upper part of the 
sinoauricular node should give rise to upright deflections not unlike 
those of normal rhythm, impulses emerging from the atrioventricular 
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node should give rise to inverted deflections like those of atrioventricular 
rhythm, and deflections of intermediate form might he produced by im- 
pulses emerging from the lower part of the sinoauricular node."' - ' In a 
mechanism such as this a circus rhythm could he accommodated in 
auricular muscle and in one of the specialized nodes at known rates of 
conduction and with cycle lengths such as occur in auricular paroxysmal 
tachycardia. The rate of the tachycardia would depend chiefly upon the 
speed of conduction and the length of the path within the nodal tissue. 

Auriculovcnlriculnr Bloch . — Auriculovcntricular block is extremely 
rare in those eases in which inversion of the auricular deflections suggests 
that the paroxysmal focus lies in or near the auriculovcntricular node. 
It seems strange, in view of the high auricular rate, that block should 
occur so rarely. The most reasonable explanation would seem to be that 
the agents which tend to produce block, namely, vagal stimulation and 
digitalis, terminate the paroxysm before block occurs. It is easy to 
understand that this might happen in tachycardia which is dependent 
upon circus rhythm involving the atrioventricular .node. At any rate, 
it appears that, in many cases of this kind, unimpaired conduction in 
this node is essential to maintenance of the paroxysmal tachycardia, and 
that depression of conduction in this node is intimately related to the 
termination of the attacks. 

Not infrequently this relationship is apparent when the end of the 
paroxysm is recorded; sometimes the last paroxysmal auricular impulse 
is blocked, or block appears immediately after the cessation of the attack. 
Several electrocardiograms illustrating this phenomenon arc shown in 
Fig. 1. Curve A (Lead II) shows a short attack of auricular paroxysmal 
tachycardia in its entirety. It begins with a premature inverted 
auricular deflection which resembles an auricular extrasystole, and ends 
spontaneously with a similar beat which is blocked. The P-1? interval is 
slightly prolonged (0.24 second), both during the normal and during 
the abnormal rhythm. The last four cycles of the paroxysm are longer 
than those that precede them. A somewhat more complicated disturb- 
ance is shown in Curve B; in this case, deep breathing temporarily 
stopped an attack of auricular paroxysmal tachycardia. During the 
paroxysm the P-I? interval was prolonged and the inverted auricular 
deflections (Lead II) followed closely the I? waves of the preceding 
beats. The attack ended with a blocked auricular beat. The first and 
second beats after the end of the paroxysm are complicated by blocked 
auricular extrasystoles, as shown by the inverted auricular deflections 
which closely follow the I? waves. The third beat is not so disturbed, 
but the fourth beat is followed immediately by a similar premature 
auricular beat which initiates another paroxysm of tachycardia. The 
P-1? interval is abnormally long (0.2S second) after the first normal 
auricular beat, and somewhat shorter (0.24 to 0.22 second) in subsequent 
beats — the patient had received digitalis. In a third patient (Tracing 
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C ) Pressure upon the carotid sinus slopped the paroxysm. The auricular 
deflections (Lead II) are not clearly visible during- the tachycardia. The 
fli-st normal auricular beat is blocked, and subsequently the P-R interval 
is prolonged (0.25 to 0.27 second). In a.- fourth case the paroxysm 
(Curve D) was stopped by a large dose of digitalis given intravenously; 
the onset ol normal rhythm (Curve E) was followed almost immediately 
by 2 to 1 atrioventricular block (Curve E). These last curves were ob- 
tained by means of a chest lead. 

Partial auriculovenlricular block occurs spontaneously in a few 
patients with auricular paroxysmal tachycardia, and it can be induced 
by vagal stimulation, or by digitalis, in a few others. In the great 
majority ol. all the cases in which block is present or can be induced, the 
P waves are similar in form to those recorded when normal sinus rhythm 
is present.' It is conceivable that in such cases the tachycardia is caused 
by circus rhythm involving the sinoauricular node, and that agents 
which tend to induce atrioventricular block do not- depress conductivity 
within the sinoauricular node sufficiently to block the circus path. The 
auricular rate appears to be notably more variable in this group of cases 
than in those in which block cannot be induced. 

It should be pointed out, however, that block cannot be induced in 
many cases in which the form of the P wave suggests that the paroxysmal 
focus lies in or near the sinoauricular node, and also that it occasionally 
occurs or can be induced in cases in which the form of the P waves sug- 
gests that the paroxysmal focus lies in or near the atrioventricular node. 

Alternation of Cycle Length . — In a small proportion of cases of 
auricular paroxysmal tachycardia there occurs a slight irregularity 
characterized by alternation of relatively long and relatively short 
auricular cycles. 32 This has been observed in auricular flutter, also. 33 
This phenomenon can be explained most satisfactorily by assuming that 
the mechanism of auricular paroxysmal tachycardia is circus rhythm. 3 - 

DISCUSSION 

The various features of auricular paroxysmal tachycardia which have 
been discussed suggest that (1) the specialized nodes are involved in its 
mechanism, (2) the abnormal mechanism is circus rhythm, and (3) the 
circus rhythm is of a special kind. That the specialized nodes participate 
in the abnormal mechanism is suggested by (1) the form of the auricular 
deflections, (2) the acceleration of the auricular rate by exercise, (3) 
the slowing of the auricular rate and the termination of attacks by vagal 
stimulation and by digitalis, and (4) the rarity of atrioventricular block, 
especially in paroxysms arising in the region of the auriculoventricular 
node. That the mechanism of the disorder is circus rhythm is suggested 
by (1) the abrupt onset and termination of attacks, (2) the remarkable 
stability of the rate, (3) the slowing of the auricular rate and the termi- 
nation of paroxysms by quinidine, and (4) the occasional alternation of 
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cycle length. That t he circus rhythm is of a special kind is indicated 
by (1) the slowing: of the auricular rate and the termination of attacks 
by vagal stimulation and by digitalis. (2) the acceleration of the 
auricular rate by exercise, (3) the relatively slow rate and long cycle 
length, and (4) the separation of the auricular deflections by isoelectric 
intervals. 

A circus rhythm involving in its path one of the specialized auricular 
nodes most adequately accounts for these features of auricular paroxys- 
mal tachycardia. No one of them is of itself decisive, but all together 
point strongly toward this mechanism. It accounts most satisfactorily 
for the abrupt onset and termination of the paroxysms, the stability of 
the rate, the form of the auricular defied ions and their separation by 
isoelectric intervals, the relatively slow rate and long cycle length, the 
rarity of atrioventricular block and the impossibility of producing it in 
most cases, the acceleration of the rate by exercise, and the slowing of the 
rate and termination of attacks by vagal stimulation, digitalis, and 
quinidinc. 

Tl is necessary, however, to consider several exceptions which cannot 
readily be explained in this manner. One exception is represented by the. 
rare cases which resemble paroxysmal tachycardia but in which the rate 
slows gradually to normal.'' 4 ’ 35 In these eases the auricular deflections 
are identical with those which occur during normal sinus rhythm. They 
are probably not examples of true auricular paroxysmal tachycardia of 
the type under discussion, but rather of an unusual and persistent type 
of sinus tachycardia. Another apparent inconsistency is represented 
by those rare eases of auricular paroxysmal tachycardia in which there 
are auricular deflections of varying form/’* 2T ' :ir ” They suggest that 
the impulses originate in two different regions of the auricles. The ex- 
planation for this is not apparent. If the mechanism in these cases is 
circus rhythm, the circus path in the auricles must change markedly, 
or there must be two different regions of circus activity. A third ex- 
ception is represented by the cases in which the auricular deflections are 
inverted in Lead I and upward in Leads II and III. The form of the 
deflections suggests that they arise in the upper part of the left atrium, 
far from the nodes of specialized tissue. Such cases are decidedly un- 
common: there were only two among our one hundred unselected eases. 
All of these exceptions are rare, and need not influence our main con- 
clusions. 

In the light of the available evidence, which, if not conclusive, is at 
least very strong, we suggest that the view that auricular paroxysmal 
tachycardia is caused by circus rhythm involving one of the specialized 
nodes — the sinoanricular or the aurk-uloventricular node — deserves 
serious consideration. 

•Case I.*,. 
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SUMMARY AND CONCLUSIONS 

1. Many of the important features of auricular paroxysmal tachy- 
cardia have been considered from the standpoint of their significance in 
elucidating the mechanism underlying this disorder. 

2. The slowing of the auricular rate and the termination of the 
paroxysms by vagal stimulation and by digitalis and the acceleration of. 
the rate by exercise suggest that the abnormal mechanism is influenced 
by the action of these agents upon one of the specialized auricular nodes. 

3. The form of the auricular deflections indicates that they originate 
in or near these nodes. 

4. The extreme rarity of atrioventricular block in cases in which there 
are inverted auricular deflections suggests that in these cases the 
auriculoventricular node is involved in the abnormal mechanism. 

5. The abrupt onset and termination of the attacks, the remarkable 
stability of the rate, the slowing of the auricular rate and the termination 
of the attacks by quinidine, and the occasional alternation in cycle length 
suggest that the abnormal mechanism is circus rhythm. 

6. The slowing of the auricular rate and the termination of the attacks 
by vagal stimulation and by digitalis, the acceleration of the rate by 
exercise, the relatively slow rate and long cycle length, and the separa- 
tion of the auricular deflections by isoelectric intervals suggest that the 
circus rhythm is of a special kind. 

7. No one of the above features is of itself decisive, but all together 
point strongly toward circus rhythm in the auricles, the path of which 
passes through one of the specialized auricular nodes, as the underlying 
mechanism of auricular paroxysmal tachycardia. This mechanism ac- 
counts most satisfactorily for all of the above features. 
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PAROXYSMAL SUPRAVENTRICULAR TACHYCARDIA 
WITH A-V BLOCK 

George M. Decherd, Jr., M.D., George R. Herrmann, M.D., 
Edward H. Schwab, M.D. 

' Galveston, Texas 

' I ’HEORETICALLY, extremely rapid heart action would be expected 
A to produce fatigue and block in the conduction pathways rather 
frequently. Atrioventricular block in the presence of paroxysmal tachy- 
cardia is generally considered uncommon. Our experiences have led 
us to believe, however, that the occurrence is much more frequent than 
heretofore suspected. 

A survey of the literature on cases of paroxysmal supraventricular 
tachycardia in which the diagnosis was confirmed by electrocardio- 
graphic studies would lead to the conclusion that atrioventricular block 
is only occasionally recorded during paroxysms of atrial tachycardia. 
There is a paucity of reports of such cases; after Lewis ’ 1 original ob- 
servation, in 1909, it was fifteen years before the next case was put on 
record by Drury , 2 in 1924. The paper by Sprague and White , 3 in 1925, 
seems to be the only study directed toward determining the frequency 
of this condition. Campbell and Elliott 3 " did not mention finding block 
in forty-two electrocardiograms taken in a series of one hundred patients 
with paroxysmal supraventricular tachycardia. A few isolated eases 
of paroxysmal atrial tachycardia with block have been reported, but 
no large series has been studied. 

Paroxysmal tachycardia does occur frequently in the youthful un- 
damaged heart and is quite generally considered innocuous, but we can- 
not accept its presence as a guarantee that the heart is normal. We 
have furthermore found that block occurs much more frequently in 
patients with serious heart disease. The defective conduction complica- 
tions may be of serious prognostic significance. The possible precipitat- 
ing factors of serious paroxysmal tachycardias with A-V block have 
interested us. 

HISTORICAL REVIEW 

Sir Thomas Lewis 1 recorded with a polygraph, as early as 1909, A-V 
block in the presence of paroxysmal atrial tachycaidia. At that time 
he described extensive observations in two cases, in die second of which 
there were frequent dropped ventricular beats which, at times, led to 
halving of the ventricular rate. The polygram (Fig. 14, p. 64) shows 
the conduction defect. 

From the Cardiovascular Service of the John Seal> Hospital, Depaitment of Medi- 
cine, University of Texas Medical Branch. 
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Drury, 5 in 5924, reported an instance of paroxysmal tachycardia of 
nodal origin with variable retrograde A-V block. The published tracing 
shows gradual prolongation of the R-P interval, with eventual disappear- 
ance of the P wave, a “retrograde Wenckebach phenomenon. In some 
portions of the tracing, where there is a long R-P interval, a reciprocal 
ventricular beat is recorded. 

Sprague and White, 9 in 5925, found three cases of A-V block among 
fifty-six cases of paroxysmal tachycardia in which records had been 
taken at the Massachusetts General Hospital during the preceding dec- 
ade; a total of 5,085 patients had electrocardiograms taken. The fiist 
case was that of a 48-year-okl woman who had bilateral cervical ribs and 
was thought to have rheumatic mitral disease. The tracings indicated 
the presence of two ectopic auricular foci, one or the other being respon- 
sible for (he numerous paroxysms. Although the ventricle was able to 
preserve 1:5 conduction with an auricular rate as high as 270 per 
minute, albeit with intermittent QRS aberration, on other occasions 
there was varying A-V block, 3:2, 2:1, 3:1, etc., at atrial rates as low 
as 200 per minute, with no definite relation between the rate and block. 
Digitalization was of benefit, and removal of the cervical ribs appeared 
to give partial relief. The patient was sensitive to quinidine. 

The second case was that of a 23-year-old woman without definite 
heart disease. At an atrial rate of 220, the ventricular rate was 110; 
after exercise the grade of block decreased to 4:3 or 3:2, and was of the 
Wenckebach type. Digitalis was thought to be beneficial in decreasing 
the number of attacks. The third case recorded by Sprague and White 
was that of a 26-year-old man without physical abnormality. The 
electrocardiograms showed frequent atrial premature beats. Other 
tracings during paroxysms showed occasional prolongation of the P-R 
interval, but with conduction to the ventricle. On other occasions there 
was gradual prolongation of the P-R interval, with block varying from 
approximately 10:9 to 2:5. 

Since Sprague and White’s paper, isolated eases have been reported. 
William Dock 4 described an instance of paroxysmal atrial tachycardia 
with an atrial rate of 580 to 5S6, in which block varying from 2:1 to 4:1 
was noted. He specifically differentiated this from atrial flutter because 
of the absence of evidence in any lead of continuous atrial electrical 
activity. Vagus and ocular pressure failed to affect the atrial rate, and 
did not raise the grade of A-V block above 4:1. Ilevp studied a white 
man. 50 years old, with early congestive heart failure, whose paroxysms 
appeared after digitalization. That the drug precipitated the paroxysms 
was clearly proved by alternating periods with and without digitalis ; 
2:1 block was found frequently. On one occasion, change from the 
supine to the sitting position was shown to convert 2:5 A-V conduction 
to 1 :1. These changes also occurred spontaneously. Reflex vagal stimu- 
lation. ineffective without digitalization, after varying doses of diiritalis 



44S 


AMERICAN HEART JOURNAL 


produced conduction effects ranging from 2:1, 3:1, and 5:1 block to 
complete ventricular standstill. 


Laubry and Dcglaude' 1 reported an instance of supraventricular 
tachycardia with a rate of 200 per minute in which there was slight 
cyclic variation oi the P-1? intervals, and also alternation of the R waves. 


Brown 7 showed several instances of A-V block in paroxysmal tachycardia 
in his study ol atrial mechanism disorders by means of an esophageal 
electrode. GeraudeP followed an interesting case from 1926 to 1931. 


^\hen first seen, the patient, 63 years of age, with hypertension, had 
evidence oi cardiac failure while the ventricular rate was 172 per minute. 
Sudden cessation of the symptoms was associated with a fall in the 
ventricular rate to RG, which was shown elect voeardiographieally to he 
due to 2:1 A-V block. Change in position might initiate a change in 
conduction; thus, lowering of the head, standing up, or change from 
side to side in bed would abolish the block. Later tracings showed 
Wenckebach periods, with 5:4 or 4:3 conduction. In 1928 auricular 
fibrillation developed and persisted until 1931, when he was last seen. 

Maddox 11 studied carefully a patient with a persistently rapid atrial 
rate. While the rate was 160 per minute, carotid sinus pressure caused 
a 3:2 block of the Wenckebach type. Digoxin (0.5 mg.) was given in- 
travenously, and slowed the atrial rate to .120, but with progressive pro- 
longation of the P-R interval and dropped beats. On another day, when 
the patient was lying down, there was a ventricular rate of 56, with a 
3:1 block. Exercise then caused a sudden rise of the pulse rate to 16S; 
at this time, carotid sinus pressure led to an irregular pulse, with 
coupling. During sleep the ventricular rate fell to S0-90 as a result of 
A-V block, but, when the patient was awake, the heart rate rose to 
approximately 160. After thirty-six days in bed, the atrial rate had 
fallen to 70, but tbc abnormalities of the P wave persisted. Quinine, 
quinidine, acetylcholine, adrenalin, and atropine were used, but failed 
to abolish the abnormal mechanism. Three months later, the patient 


was seen again with a ventricular rate of 16S per minute, which slowed 
with pressure on the right carotid sinus. Pressure on the left side was 
without effect. 

Fine and Miller 10 have recently reported their observations on a 
patient who precipitated paroxysms of tachycardia whenever he sat up 
or stood up, unless this tendency was controlled by quinidine or digitalis. 
The rate varied from 120 to 200 per minute, depending on the posture. 
One tracing showed Wenckebach periods, and another, electrical alterna- 
tion of the QRS complexes. The authors attributed the postural in- 
fluence to vagal inhibition, mediated either through reflexes from the 
lower extremities or the carotid sinus, or because of changes in the cere- 
bral blood flow. In support of this concept that vagus inhibition may 
coincide with the onset of paroxysmal tachycardia, instances were cited 
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in which paroxysms were precipitated hy atropine. l»y adrenalin, or by 
actual vagus nerve disease and degeneration. 

In a study of tin* influence of carotid sinus hypersensitivity in cardiac 
arrliyt hinias. Tanney and Lilienfeld" described t ho case of a 9 -year-old 
girl who had had chorea three months previously, without demonstrable 
cardiac damage. When seen hy them she had acute rheumatic fever, 
with mitral and aortic valvulitis. During an attack of paroxysmal 
tachycardia in which the rate was lot) per minute, carotid .sinus pres- 
sure was applied. This produced complete A-V block, with ventricular 
asystole for 8.4 seconds, while the atrial rate slowed to 60 to 84 per 
minute. Partial A-V conduction then was resumed with an atrial rate 
of 5)4. and increasing, hut with 2:1 block for f>.4 seconds. This was fol- 
lowed hy 1 :1 conduction, hut with prolongation of the A-V conduction 
time. 

Two of the current texts on electrocardiography illustrate. A-V block 
in supraventricular paroxysmal tachycardia. Sclierf and Boyd' 2 show 
2:1 block and Wenckebach periods. Katz 12 illustrates delayed A-V con- 
duction. with Wenckebach phenomena and electrical alternation. 2:1 
block, and alternation of I’-R conduction time and P-P cycle length. 
Few clinical data accompany these records. 

Alediciil literature contains a few tracings which appear to justify a 
diagnosis of paroxysmal atrial tachycardia with A-V block, hut which 
have been otherwise interpreted. For example. Marvin, 1 "' in his discus- 
sion of ventricular tachycardia with alternating complexes, includes a 
ease (No. 3) which appears capable of boiutr interpreted as follows: 
Fig. 9 shows an atrial rate of about 200. and the first part of the tracings 
shows Wenckebach periods, with 3:2 and 2:1 A-Y block. When 1:1 
conduction is present, there is QlhS aberration, usually with alternation 
and delay in intraventricular conduction. Likewise, Katz’ hook contains 
figures whose interpretation might he open to question (Fig. 308c. 317d). 
Doumer 1 ' reported a case as nodal tachycardia which appears actually 
to be auricular flutter. The case reported hy Savy. et al., 1 '" shows 
variable prolongation in A-V conduction, with interference dissociation.* 

thi: critkiua tor thk diagnosis or daroxys.mai, atkiai, tachycardia 

These difficulties in interpretation raise the question of the criteria 
which must he applied to substantiate the diagnosis of auricular nr atrial 
tachycardia, and particularly its differentiation from flutter. The 
classical criteria set down by Lewis’" need some modification. His 
definitions may be summarized as follows: 

•In tin* few months slno<* submitting thi* manuscript f^r publication. nn ' v * tb tit 
paper on this topic* liny appear***! f Parker. I\ S.. K. X-. V . 

WJshnrt \V. : Auricular Paroxysmal Tachycardia W* it li Anrieub-.ventrayjp'-r l J *b> 
AM. J. ts.%: Purine this tlm». ol- a nin«*. tb-n-J cf 

paroxysmal tachycardia with A-V block lutvc t-rrutr* 1 , ! > r j n i n th** t it : * ! *r 
hies to fotty-nln** ens^s. 
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Paroxysmal tachycardia, is characterized by the following: (1) on- 
set and ending are abrupt; (2) first atrial response is premature; (3) 
it ends with a pause; (4) atrial rhythm is remarkably regular, with 
a maximal difference of less than 0.01 second; (5) with rare exceptions, 
exercise, posture, atropine, and vagus stimulation do not affect the atrial 
rate; (6) duration of more than ten days is rare; (7) an anomalous P 
wave, indicating an ectopic focus, may be shown, although sometimes 
the difference from the P wave of sinus origin is very slight (this is par- 
ticularly so in the cases showing A-V block) ; (8) QRS aberration is 
frequent. 

Auricular flutter is characterized as follows: (1) It is usually an 
established condition, although occasionally it is transient and repeated; 

(2) the atrial rate varies from 220 to 370, averaging 300 per minute;' 

(3) the atrial rate is constant; (4) the atrial rate is unaffected by exer- 
cise, posture, atropine, and vagal stimulation; (5) in Lead I the atrial 
complexes are diminutive ; in Leads II and III they show a sharp ascent, 
a blunt summit, and a gradual return; (6) “the complexes are con- 
tiguous; the string is moving constantly and rests for no measurable 
period on a base line.” 


MODERN CRITERIA IN SUMMARY 

There is sometimes great difficulty in differentiating paroxysmal atrial . 
tachycardia, flutter, and sinus tachycardia. Although there are rules 
for general application, nearly all are subject to exceptions, as is well 
recognized, and we have no absolute criteria for the diagnosis of ectopic 
atrial tachycardia. A sudden onset and termination are more likety 
in paroxysmal tachycardia than in flutter; a long duration is more likely 
in flutter. Carotid sinus pressure is much more likely to affect A-V 
conduction in flutter than in tachycardia; high atrial rates (above 280) 
are almost invariably the result of flutter. Moderately high atrial and 
ventricular rates (about 200, rarely above 240 or 260, and only occa- 
sionally below 160) are found in paroxysmal atrial tachycardia. All of 
these are helpful, but not absolute, rules. When the atrial rate is below 
180 or 160, clear demonstration of an aberrant, ectopic P wave distin- 
guishes paroxysmal from sinus tachycardia. A definite isoelectric seg- 
ment indicating suspension of auricular activity, and hence the absence 
of a circus mechanism, distinguishes tachycardia from flutter. No other 
absolute criteria are available. Employing these, however, we have 
found a goodly number of instances of A-V conduction disturbance 
during paroxysms of atrial tachycardia. We have had a few eases in 
which all three cardiac mechanism disorders, namely, atrial tachycardia, 
flutter, and fibrillation, have been recorded, so that we cannot argue 
that the presence of flutter at one time rules out the possibility of 
paroxysmal tachycardia at another time. Paroxysmal tachycardia may 
be the result of a different type of circus rhythm. 
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ABSTRACTS OF CASE RECORDS 

Case 1.— M. G., a colored man, aged 46 years, John Sealy Hospital No. 29976, 
was admitted Jan. 17, 1931, with congestive heart failure and general anasarca. 
The previous year he had hyperthyroidism and atrial fibrillation, and a thyroidec- 
tomy was done. The myocardial damage had persisted. During his first four days 
in the hospital he received 24 grains of digitalis, which caused a brisk diuresis and 
a rapid loss of 21 pounds in weight. 

On the fifth hospital day his heart rate was 176 per minute, the rhythm was regu- 
lai, and electrocardiograms showed that he had atrial paroxysmal tachycardia. Six 
cubic centimeters of digifolin were given intramuscularly, and twenty minutes later 
the rate had increased to 190 per minute and the electrocardiogram (Dig. 1, A, 
Lead II) showed a variable grade of A-V block of the Wenckebach type, usually 
4:3 and 3:2. Note the slight differences in the cycle length. 

The patient died on his sixth hospital day. At necropsy his heart was found to 
be enlarged, weighing 530 grams. There were myocardial scarring and fibrinous peri- 
carditis. The lungs showed infarcts as well as some pneumonitis.' The kidneys 
showed arteriolar disease. There were bilateral hydrothorax and chronic passive 
congestion. 

Case 2. — A. B., a colored man, aged 47 years, John Sealy Hospital No. 17146, was 
admitted Nov. 19, 1933, with congestive heart failure of about two months’ duration. 
The failure had been precipitated by a respiratory infection. On November 25 
hemoptysis was noted, and on that day 12 e.c., equivalent to 6 cat units, of digalen 
were given in the morning and 2 cat' units in the afternoon. The following day, 
November 26, 4 more cat units were given, and electrocardiograms taken the same 
day (Fig. 1, B, Lead II) showed that he had atrial tachycardia with an atrial rate 
of 184 and a ventricular rate of 92, indicating 2:1 A-V block. Two days later there 
was sinus rhythm with a rate of 90 per minute. The patient’s blood pressure was 
98/74. The clinical diagnosis was arteriosclerotic heart disease, with cardiac en- 
largement and congestive heart failure. He improved under further treatment and 
was discharged from the hospital Dec. 24, 1933. 

Case 3. — W. H., a white man, aged Go years, Electrocardiogram No. 1179, was 
seen as an outpatient on May 17, 1933, because of dull, aching pain in the pre- 
cordial area and upper abdomen. His blood pressure was 180/80 and he showed 
signs of generalized arteriosclerosis. Previous electrocardiograms had shown numer- 
ous atrial premature beats. On May 17 electrocardiograms (Fig. 1, C, Lead II) 
showed short paroxysms of atrial tachycardia at a rate of 272 per minute, with 
a varying Wenckebach type of A-V block. No medication was given, at this time, 
although quanidine was used later for control of these paroxysms. 

Case 4.— .1. K, a colored man, aged 56 years, John Sealy Hospital No. 459S3, 
was admitted Oct. 4, 1934, with congestive heart failure which had been present for 
four months. His blood pressure was 168/130; there was marked peripheral arterio- 
sclerosis; gallop rhythm was present; and there was fluid in the right pleuial sac, 
with extensive dependent edema. On October 3 electrocardiograms showed an atiial 
rate of 187, with 2:1 heart block. On October 4 the atrial rate was 194; on October 
5 there was sinus rhythm with a rate of 90 per minute. On October 6 the atrial 
rate was 158, and carotid sinus pressure increased the grade of A-V block to 4:1 
and higher (Fig. 1, D, Lead II). On October 8 the atrial rate had gone up again 
to 190 per minute. Later tracings showed sinus rhythm. 

The patient had a stormy course in the hospital, with multiple emboli, including 
one in the left leg necessitating amputation, and another in the lower lobe of the 
right lung. The last embolus produced right-sided hemiplegia, shortly alter which 
he died. Necropsy showed that the heart was enlarged, weighing 640 grams. There 
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U:is marked arteriosclerosis of the coronary vessels, with an old myocardial infarct 
and mural thrombosis at this point. Pulmonary infarction was present, and there 
were thrombi in the aorta and iliac arteries. 

Case 5. — L. B„ a colored man, aged S3 years, John Scaly Hospital No. 46741, 
was admitted Feb. 12, 1935, with moderate congestive heart failure. He had had 
the anginal syndrome and congestive failure for two years. The blood pressure 
was 130/100. The heart was enlarged to the left and the aortic second sound was 
markedly accentuated. Previous electrocardiograms had shown marked left axis 
deviation and numerous ventricular and atrial premature contractions. On March 2 
tin; electrocardiogram (Fig. 1, li. Lead II) showed an atrial rate of 250 per minute, 
with 2:1 A-V block. On -March S the atrial rate was 255 per minute, and there was 
still a 2:1 A-V block; on this day 8 cat units of digalen were given in four doses, 
and this changed the mechanism to sinus rhythm at a rate of 100 per minute. 

After tliis he improved markedly, and was discharged April IS). However, he re- 
turned to the hospital with congestive failure on May 23, and again on Sept. 6, 1935, 
at which time he died. At necropsy the heart weighed 500 grams and showed marked 
coronary arteriosclerosis and a thrombus in the right auricular appendage. Tiie 
kidneys showed arteriolar disease. 

Cask 6 . — J. V., a white woman, aged 27 years, Electrocardiogram No. 7S7, had 
been under observation as an outpatient for fourteen years because of frequent 
paroxysms of tachycardia. She had no demonstrable heart disease. There were 
numerous electrocardiographic records of paroxysms on file, with an atrial rate of 
146 to 174 per minute. In an attempt to control her paroxysms she had been started 
on moderate doses of digitalis on Nov. 1, 1934, and had been maintained on l l /> 
grains of digitalis folia every day thereafter. An electrocardiogram (Fig. 1, F, 
Lead III;, taken on March 5, 1935, showed A-V block. The atrial rate varied from 
161 to 187, and there was a slight degree of A-Y block of the Wenckebach type, vary- 
ing from 6:5 ro 23:22, and less. The curves after digitalization were the only ones 
over a long period that showed any block; all curves taken during subsequent at- 
tacks have shown 1:1 A-V conduction. 

Case 7. — C. B., a white man, aged 50 years, John Sealy Hospital No. 48378, was 
admitted June 20, 1935, with the symptoms and signs of congestive heart failure 
of a year's duration. The blood pressure was 110/70; pulsus alternans was present. 
Numerous electrocardiograms, taken from June 27 to July 2, showed atrial tachy- 
cardia; the atrial rate varied from 15<i to 186. In all the tracings there is 2:1 
A-V block (see Fig. 1, O, Lead I). Note that the cycle which contains the QRS 
complex is shorter. Digitalization was begun on the day after admission and main- 
tained during his hospital stay, without effect on the cardiac mechanism. 

He continued to lose ground, and died on July 5, 1035. Necropsy showed coronary 
arteriosclerosis. The heart weighed 450 grams. He also had hemorrhagic peri- 
carditis, pleuritis, syphilitic leptomeningitis, and hypostatic pneumonia. 

Case S. — IL P., a white man, aged 53 years, John Sealy Hospital No. 51712, was 
admitted June 3, 1936, will: congestive heart failure which had been present for 
three months. Anginal pain lmd been present for three weeks. Electrocardiograms 
(Fig. 1, H, Lead 11) taken before admission, on May 19, 193(5, had shown atrial 
tachycardia, a rate of 200 to 203, and 4:3 and 3:2 block. The next day the atrial 
rate was 150, with 1 :1 conduction. On June 7, 10 1 /. grains of digitalis were given 
and produced vomiting. The following day mereupurin was given, and, the day 
after this, atrial tachycardia was present with an atrial rate of 1S2 per minute, 
but without- A-V block. The next day, June 10, lie lmd sinus rhythm at a rate of 
12S per minute. The patient died June 14, his eleventh hospital day. Necropsy 
showed syphilitic aortitis. The heart weighed 480 grams. There was a thrombus in 
the right auricular appendage, and multiple pulmonary infarcts were found. 
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Case 9.— J. G., a colored man, aged GO years, John Sealy Hospital No. 44449, was 
admitted June 29, 1936, with congestive heart failure. He had been in the hospital 
several times m the preceding seven years with similar symptoms and signs, and 
hypertension as high as 200/130. The blood pressure at this time was 130/100. For 
several years lie had been maintained on digitalis at intervals. Previous electro- 
cardiograms had shown, among other abnormalities, prolonged A-V conduction time. 
Electrocardiograms (Fig. 1, 7, Lead I), in the morning of July 1, showed an atrial 
late of 14o, with S:7 and 3:2 A-V block and Wenckebach periods. In the afternoon 
the atiial rate was 120 per minute, without block. Subsequent tracings showed 
sinus rhythm. He gradually improved on digitalis and theocalcin and was discharged 
Aug. 28, 193G. 

Case 10. F. M., a white man, aged 56 years, John Sealy Hospital No. 45030, was 
admitted Aug. 24, 193G, with congestive heart failure due to hypertension and ar- 
teriosclerotic heart disease. He had had the anginal syndrome since 1933, and three 
days after admission he developed pulmonary infarction associated with jaundice. 
On August 2S he was started on digitalis in a dose of 1% grains three times a day, 
and this was continued until September 10, when the dosage was reduced to one 
tablet daily. On September 12, electrocardiograms (Fig. 1, J, Lead I) revealed 
atrial tachycardia with an atrial rate of 179 per minute and 2:1 A-Y block. Note 
the shortening of the cycle containing the ventricular beat. . On September 11 he 
suffered myocardial infarction, which caused his death on September 14. At necropsy 
his heart weighed 5S0 grams; infarction of the myocardium was present, with mural 
thrombosis associated with multiple infarcts of the lungs, spleen, and brain. 

Case 11. — C. D., a colored man, aged 3G years, John Sealy Hospital No. 52195, was 
admitted Nov. 20, 1930, with congestive heart failure that had been present for 
five months. The blood pressure was 100/120, and the physical signs were those of 
myocardial failure. On December 13 he was given 19% grains of digitalis by mouth, 
and the next day electrocardiograms showed paroxysmal atrial tachycardia; the 
rate was 1G9 per minute, with 1:1 A-Y conduction. On December 15, 23 grains of 
quinidine were given, and an electrocardiogram (Fig. 2, A, Lead II), on December 
16, showed that the . tachycardia continued, with the atrial rate varying from 190 
to 218, but now with 5:4 and 3:2 Wenckebach A-V block. Note that when the 
block is present, the cycle that, contains the ventricular beat is much shorter. The 
following day there was sinus tachycardia with a rate of 136 per minute. The pa- 
tient died Jan 6, 1937, and necropsy was not obtained. 

Case 12. — F. M., a white man, aged 48 years, John Sealy Hospital No. 37597, was 
admitted Feb. 5, 1938. Congestive heart failure had been present for one month 
before admission. The previous year the patient had had a gastrointestinal hemoi- 
rhage, and anemia persisted. The blood pressure was 21S/134, and uremia vas also 
present. Digitalis had been given for one week before admission to the hospital, and 
was continued at a rate of 1% grains daily. Electrocardiograms (Fig. 2, B, Lead 
II), on the day of admission, showed an atrial rate of 200 per minute, with 4:3, 5:4 
Wenckebach block. Note the progressive aberration of QKS complexes. After 9 
grains of quinidine on February 6, and again on February 7, sinus tachycardia vas 
recorded at a rate of 105 per minute. Nitrogen retention was progressive; papillede- 
ma developed, and the patient died of uremia on March 20, 1938. 

Case 13. — J. B., a colored woman, aged 53 years, John Sealy Hospital No. 57901, 
was admitted Feb. 24, 1938, with congestive heart failure which had been present 
for one month. She complained also of diarrhea, greenish vision, and vomiting. 
Before admission she had been given tincture of digitalis in a dose of 60 drops 
daily for nine days. To this medication had been added powdered digitalis leaf in a 
dose of 1% grains three times daily. No digitalis was administered in the hospital 
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because of the obvious previous overdosage. Electrocardiograms (Eig. 2, C, Lead II), 
taken, on admission, showed paroxysmal tachycardia of nodal origin, with a rate of 
lOo per minute. P waves could be made out, showing an independent. atrial tachy- 
cardia of 125 per minute, with complete A-V dissociation. By March 1, the rhythm 
was sinus tachycardia, with delayed A-V conduction. 

Case 14. K. L., a white man, aged 45 years, John Scaly Hospital No. 57248, was 
admitted March 7, 1939, with congestive heart failure. The blood pressure was 
252/1 68. A lumbar sympathectomy had been performed fourteen months previously 
because of this marked hypertension, but very little benefit had resulted. In the 
five days before admission, the patient had taken 15 1%-grain tablets of digitalis. 
On March 13, 2.5 mg. of digoxin were given intravenously, and on March 14, it was 
found that atrial fibrillation had developed. On March 17, 18, and 19, ] % -grain 
doses of digitalis were given twice daily. Electrocardiograms (Fig. 2, D, Lead I), 
on March 20, showed paroxysmal atrial tachycardia, with an atrial rate of 182 
per minute; 8:7 and 7:0 A-V block was present. On March 22, digitalis was be- 
gun again; paroxysmal tachycardia recurred with an atrial rate of 193, with rare 
dropped ventricular beats. During this time, nitrogen retention had progressively 
increased, and the patient died, on March 29, of uremia. At necropsy the heart 
weighed 670 grams and there was marked nephrosclerosis. A few atheromatous 
plaques were noted in the aorta. 

Case 15. — A D., a white girl, aged 14 years, John Sealy Hospital No. 66298, was 
admitted April 17, 1940. For four years she had been bothered by attacks of 
dyspnea which was associated with tachycardia, vertigo, and pain in the chest. The 
blood pressure was 78/56, and the heart rate was 188 per minute. Electrocardio- 
grams showed that the atrial rate, on April 17, was 158 to 1S8 ; on April 18, 187 
to 190; on April 19, 130; and on April 22, 120. Quinidine in a dose of 5 grains 
was given four times daily on April 19 and April 21. On April 19, carotid sinus 
pressure caused one dropped beat. On April 24 and 25, 1% grains of digitalis were 
given three times daily. On April 26 and 27, digitalis was given twice daily and 
once daily thereafter. In electrocardiograms (Fig. 2, E, Lead III), taken April 26, 
thp atrial rate was 125, with occasional dropped beats and Wenckebach periods. 
On April 30 the rate was 115, and there were frequent blocked beats. The atrial 
rate showed marked variation. The treatment caused a slowing in the atrial rate, 
although the ectopic pacemaker persisted during the whole period. On May 16 
the patient had a sudden attack of extreme tachycardia, with a rate of 250 per min- 
ute; this was probably also ectopic, as the others had been for four years. No 
measures resulted in improvement. Necropsy' showed a heart which weighed 4.>0 
grams and was markedly dilated and hypertrophied. There was a patent ductus 
arteriosus which measured 1 mm. in diameter. The aorta was very' small, measuiing 
only 50 mm. in circumference at the ring. Congenital hypoplasia of the aorta was 
considered to be the primary cardiac disease. 

Case 16. — D. E., a colored man, aged 45 years, John Sealy' Hospital No. 67100, 
was admitted Sept. 17. 1940. This patient had been in the hospital twice pre- 
viously in 1940, with congestive heart failure due to hypertensive heart disease. 
The blood pressure was 180/110. Pulsus alternans and gallop rhythm were present, 
and mild congestive failure was evident. The patient had been maintained on 1 /> 
grains of digitalis leaf daily' since his first hospital admission on June i, 1940, on 
July' 3 bigeminy' had been noted, probably due to digitalis overdosage. When first 
seen on September 17, electrocardiograms showed an atrial rate of 152 per minute 
with 1:1 A-V conduction. Deep respiration slowed the atrial rate from 150 to 144 
and there was A-V block varying between 2:1 and 5:4. Carotid sinus pressure pio- 
duced 2:1 to 6:5 block, with frequent ventricular escapes, as shown in the electro- 
cardiograms (Fig. 2, F, Lead III). Quinidine was administered, and the atrial rate 
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slowed from 158 to 143, with variable block, sometimes as high as .1:1. with ven- 
tricular escape. Cycles containing ventricular beats measured 0.40 second and 
blocked cycles measured 0.45 second. Deep respiration and carotid sinus pressure 
produced A-Y block, the grade of which was increased after quinoline administra- 
tion. A few hours after the use of quinidine, the paroxysmal tachycardia disap- 
peared. 

Case 17. — E. Z., a white woman, aged 63 years, John Sealv Hospital No. 67926, 
was admitted Aug. .15, 1940, in a semicomatose condition. She had been weak for 
about four days, and her relatives stated that she had had dyspnea and edema, 
nocturnal coughing, orthopnea, and hypertension, for two years. The blood pressure 
was 190/80, and she had Cheyne-Stokes respiration, but there was no evidence of 
congestive heart failure. On August 28 an attack of paroxysmal tachycardia, with 
an atrial rate of 162, was recorded. It stopped spontaneously. On September 4 
another attack was recorded, with an atrial rate varying from 1SS to 250, and with 
aberrant QES complexes. This attack was stopped by 3 grains of quinidine every 
hour for ten doses. On other occasions there were frequent atrial premature beats. 
On November 6 she had another paroxysm, and electrocardiograms (Fig. 2. G, Lead 
III) showed an atrial rate of 160 to 169, with a Wenckebach period type of A-Y 
block varying from 4:3 to 11:10, and less. Death occurred Nov. 17, 1940. The final 
diagnosis was generalized arteriosclerosis, with particular involvement of the coronary 
and intracranial arteries. 

Case IS. — T. E., a white man, aged 49 years, John Scaly Hospital No. 66787, was 
admitted Oct. 15, 1940. Congestive heart failure was present and had been present 
on previous occasions. The blood pressure was 128/100, gallop rhythm was present, 
and pulmonary congestion was marked. Digitalis (114-grain tablets) was given 
three times a day for four days, from November 22 to November 25, then one tablet 
daily until November 27. Beginning November 28, three IVj grain doses were 
again given daily, until December 8. On December 1, 2 c.c. of mercupurin were in- 
jected intravenously and resulted in considerable diuresis; on December 2 atrial 
fibrillation developed. Eighteen grains of quinidine were given that day and stopped 
the fibrillation. The following day, December 3, electrocardiograms (Fig. 2. E, 
Lead II) showed atrial tachycardia with an atrial rate varying from 150 to 188 
per minute, and block, varying from 2:1 to 9:8, of the Wenckebach type. Note here 
also the variation of the cycle length. The patient died December 14, and necropsj' 
showed a heart weighing 600 grams, with slight coronary arteriosclerosis. There 
were thrombi in both ventricles and in the right atrium, and there were multiple 
pulmonary infarcts. Nephrosclerosis was present, and there was, of course, chronic 
congestion in the viscera. 

Case 19. — Y. N., a colored woman, aged 38 years, John Sealv Hospital No. 70439, 
was admitted April 9, 1941. She showed marked congestive heart failure which 
had been present for about two months. At home she had taken some small brown 
pills of uncertain nature. The blood pressure was 200/20 and the other physical 
signs were those of syphilitic aortic regurgitation. Electrocardiograms, on admis- 
sion. showed sinus tachycardia, left axis deviation, depression of the S-T segments 
in Leads I and II, and negative T waves in Leads I and IY F. Digoxin (1 mg.) 
was given intravenously, and fifteen minutes later she vomited and had bigeminy 
and trigeminy. Electrocardiograms (Fig. 2, I, Lead I), taken at this time, showed 
an atrial rate of 190 per minute, with 4:1 A-Y block and frequent ventricular 
escape, usually giving bigeminy. Death occurred a few hours later, and necropsy 
showed typical syphilitic aortitis and aortic regurgitation. The heart weighed 
430 grams. 



458 


AMERICAN HEART JOURNAL 


Case 20.— J. W., a white man, aged 81 years, John Sealy Hospital No. 6907S, 
was admitted March 17, 1941, because of prostatic disease. Prostatic resection 
was done March 26. On April 7 the patient had a short attack of paroxysmal 
dyspnea, which recurred on April 16. Electrocardiograms, the next day, showed 
short runs of paroxysmal atrial tachycardia. Digitalization was begun at this time, 
with 13 V 2 grains of the powdered leaf of digitalis the first day, and maintenance 
doses of 1% grains daily, afterwards. Electrocardiograms (Pig. 2, J, Lead III), 
on April 28, showed paroxysmal tachycardia with an atrial rate of 179 per minute; 
6:5, 4:3, and 3:2 A-V block of the 'Wenckebach type was present. Quinidine, which 
was given on this day and on April 29, terminated the paroxysm. Electrocardiograms 
both before and after this attack showed frequent atrial premature beats. 

Case 21. — G. S., a colored woman, aged 24 years, John Sealy Hospital No. 71436, 
was admitted June 23, 1941. She had had paroxysms of tachycardia since child- 
hood. At the time of her admission she was seven months pregnant, and had had 
frequent paroxysms in the preceding two months. The attack which brought her 
to the hospital had lasted for six days, and had been associated with difficulty in 
hearing, dyspnea, edema, and precordial pain radiating to the right shoulder. She 
had had three previous miscarriages. She had anemia, with a hemoglobin of 55 per 
cent. The blood pressure was 120/75. The heart was normal in size and no cardiac 
lesion could be demonstrated. When first seen, the heart rate was 220 per minute, 
the beating regular, and the rhythm was not affected by carotid sinus pressure. 
Eight cubic centimeters of cedilanid, equivalent to 1.6 mg., was injected intravenously, 
and three minutes later there was a sudden slowing of the heart rate to 120 per min- 
ute. Tachycardia recurred thirty-six hours later, and at this time 8 c.c. more of 
cedilanid were injected. Immediately afterwards, electrocardiograms (Pig. 3, A, 
Lead I) showed an atrial rate of IIS per minute, with, roughly, 7:5 A-V block. The 
form of the P waves indicated that the ectopic focus was still effective. During the 
paroxysms of tachycardia, QRS aberration was present. At the termination of the 
paroxysm, gradual, stepwise return of intraventricular conduction to normal could 
be demonstrated. In later paroxysms, digitalis extract (Upjohn, 5 cat units in 10 
c.c.) , intravenously, stopped the attack immediately. Prostigmine was effective on 
one occasion, although at several other times it was not. Magnesium sulfate by 
vein was ineffective. The paroxysms were best controlled by the regular admin- 
istration of quinidine, but even then occasional short paroxysms occurred. 

Case 22.— H. J., a white woman, aged 70 years, John Sealy Hospital No. 46412, 
was admitted July 4, 1941. She had had a left-sided hemiplegia in 1934, at which 
time her blood pressure was 190/140. Since then she had had several syncopal at 
tacks, and for several months she had had moderate congestive heart failure. On 
admission, the venous pressure was 17 cm. of water, and there were evidences of 
fluid in both pleural sacs. The blood pressure at this time was 130/84. On July 5 
and 6, a transudate was removed from the left pleura by thoracentesis. On both 
July 6 and 7, Cheyne-Stokes respiration was noticed, and 7% grains of aminophylline 
were given by vein for relief. On July 6, digitalis folia (1% grains tlnee times a 
day) was begun. The next day, tachycardia was present and the recorded rates 
varied from 207 to 255; when the rate was 207 per minute, there was 1.1 A-"\ con 
duction (Lead I, Pig. 3, B ) ; when the rate was 222 per minute, the A-V conduction 
was 3:2 block of the Wenckebach type. When the rate was as high as 255 per min- 
ute, A-V conduction was only 2:1. Intraventricular conduction was also defective. 
On July S there was shifting of the pacemaker, with defective intraventricular con- 
duction. It should be noted that before the paroxysmal tachycardia there were fre- 
quent atrial premature beats. The atrial tachycardia ceased after the administra- 
tion of 5 grains of quinidine every hour for four doses. 
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On the fifth hospital day the temperature rose, the dyspnea became more marked, 
and fluid reaccumulated m the pleural spaces; the patient became worse rapidly 
and died on the seventh day. Necropsy showed that the heart weighed 365 gram's! 
Purulent pericarditis, bronchopneumonia, peritonitis, and mild chronic passive con- 
gestion of all organs were found. There was an acute infectious process in the blad- 
der and ureters, and encephalomalacia. 

Case 23.— W. W., a colored man, aged 3S years, John Sealy Outpatient Clinic No, 
4924S, was admitted Aug. 2, 1941. He had been seen in the Outpatient Department, 
three days before, with congestive heart failure which, according to his story, had 
been present four or five weeks. The blood pressure at this time was 160/130. There 
were cardiac enlargement, gallop rhythm, engorgement of the liver, and dependent 
edema. He had a history of a chancre in 1926. In the three-day interval he had 
taken sixteen tablets, of grain each, of digitalis leaf. Electrocardiograms, taken 
August 2, showed paroxysmal tachycardia with an atrial rate of 196 per minute 
and 1:1 A-V conduction. One milligram of prostigmine was given intramuscularly, 
and, after about ten minutes, there was transient slowing. Atrial tachycardia soon 
recurred; however, the auricular rate was only 182 per minute and there was 2:1 A-V 
block. Carotid sinus pressure had had no effect before, but at this time carotid 
sinus pressure and deep respiration increased the A-V conduction disturbance. 
Fig. 3, C, Lead II, shows A-V block of 2:1, and, in some parts, of 3:1. The atrial 
rate remained slow, and was from 156 to 176. During the period of block there were 
many nodal escapes and transient intraventricular conduction defects. 

Case 24. — P. J., a colored man, aged 76 years, John Sealy Hospital No. 78053, 
was admitted March 1, 1943, because of congestive heart failure. Dyspnea on ex- 
ertion had been present for two years and gradually increasing edema had been 
noted for twelve months. For the preceding eighteen days these symptoms had been 
much worse. No medication had been administered. 

The blood pressure was 200/90; the heart was conspicuously enlarged, and there 
were the usual evidences of chronic passive congestion of moderate grade. Atrial 
fibrillation was present and was shown in all electrocardiograms taken up to and 
including one on March 16. 

Eighteen grains of powdered digitalis leaf were given by March 5, and after 
this date IJA grains were given daily. Quinidine (3 grains three times a day) was 
given from March 12 to 20, at which time the dosage was increased to 5 grains 
three times a day. An electrocardiogram, taken March 20, showed atrial tachy- 
cardia, with an atrial rate of 166 to 171 per minute and 2:1 and 3:2 A-V block. 
The tracing taken March 22 showed an atrial rate of 214 per minute, with 2:1 
A-V block. An hour later the auricular rate had dropped to 162, and there was 1:3 
conduction. At this time 1 mg. of prostigmine was injected intramuscularly, and, 
with an atrial rate of 171 to 179, varying A-V block developed, either 2:1 or 3:2 of 
the Wenckebach type (Fig. 3, D, Lead II). The auricular rate was 176 on March 
26, with 2:1 A-V block; after this date there was sinus rhythm with frequent 
auricular premature beats. Improvement was such that he was discharged April 
4, 1943. 

Case 25. — W. Li, a colored man, aged 74 years, John Sealy Hospital No. io5o6, 
was admitted Nov. 18, 1941, because of genitourinary symptoms resulting from 
prostatic hypertrophy and a urethral stricture. His history further revealed noc- 
turnal dyspnea. His blood pressure was found to be 200/140, Cheyne-Stokes respira- 
- tion was present, as were the usual evidences of congestive heart failure. The Cheyne- 
Stokes respiration ceased after the administration of 7% grains of aminophylline 
intramuscularly. Aminophjdline was continued by mouth in a dose of 3 grains 
four times a day. On December 10, digitalis folia was begun in doses of 1% grains 
three times a day, but only five doses were given. On December 12 it was found 
that the heartbeat was irregular, with an apical rate, of US per minute. Electro- 
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cardiograms allowed atrial tachycardia with an atrial rate varying from 167 to 196 
per minute. At the lower rate there was 1:1 conduction, or, at most, 12:11 A-V 
block. At the higher rate there was 2:1 A-V block. On December 12, 25 grains of 
quinldine were given, and, on December 13, electrocardiograms (Lead HI, Fig. 3, E) 
showed an auricular rate of 182 per minute with A-V block varying from 1:3 and 3:2 
to 2.1. The patient died December 14 and necropsy showed that the heart weighed 
590 grams. There were moderate coronary arteriosclerosis, marked nephrosclerosis, 
pneumonia, and generalized chronic passive congestion. 

Case 26. E. V ., a wliite woman, aged 65 years, John Scaly Hospital No. 74287, 
entered Jan. 5, 1942, because of paroxysmal nocturnal dyspnea and substernal pain. 
The blood pressure was 180/120 and the clinical signs were those of left ventricular 
failure. The electrocardiogram (Lead I, Fig. 3, F), taken on admission, showed an 
atrial rate of 260, with A-V block alternating between 2:1 and 3:1. Bundle branch 
block was also present. The tachycardia disappeared spontaneously, and later 
electrocardiograms showed frequent atrial premature beats. The bundle branch 
block persisted. Subsequent use of digitalis and eoramine was followed by improve- 
ment. 

Case 27. — F. (i., a colored man, aged 30 years. John Scaly Hospital No. 10629, 
was admitted Jan. 20, 1942. He had hypertensive and arteriosclerotic heart dis- 
ease and had had dyspnea for six years. Substernal pain had been present for 
eight months and had been noted to increase during paroxysmal tachycardia. 
Electrocardiograms taken a year previously had shown atrial fibrillation, and the 
more recent ones showed reversion to sinus tachycardia. The blood pressure on ad- 
mission was 136/96, and the physical signs were those of mild congestive heart 
failure. For three' months the patient had been taking 3 grains of digitalis leaf 
daily. On the day of admission the electrocardiogram showed paroxysmal atrial 
taeliyeardia with an auricular rate of 214 per minute and 1:1 A-V conduction. The 
next day, January 21, electrocardiograms revealed an auricular rate of 200, with 
2:1 A-V block. Carotid sinus pressure produced 3:1 and 4:1 A-V block, with oc- 
casional ventricular escape ("Fig. 3, G. Lead II). Bitting. up doubled the heart rate, 
and reclining caused it to drop back. Electrocardiograms taken nine months later 
showed that auricular fibrillation had appeared again. 

Case 2S. — A. H., a colored woman, aged 46 years, John Scaly Hospital No. 19506, 
was admitted Jan. 15, 1942. Her blood pressure was known to have been elevated 
since 192(5. She had been under treatment with digitalis for congestive heart failure, 
for four months before admission. Edema had beeen present for three weeks, but 
she had been taking digitalis only as site thought she needed it. When seen on this 
admission, the blood pressure was 250/160. The heart was markedly enlarged and 
there was massive edema. The blood nonprotein nitrogen level was elevated; the 
serum albumin was 3.44 per cent, and the globulin was 6.2 per cent. She had a rectal 
stricture caused by lymphogranuloma inguinale. 

The day of admission, January 15, electrocardiograms showed auricular fibrilla- 
tion. The next day, 1 ■/. grain digitalis pills were administered three times a day, 
and this was continued during her hospital stay. On January 18 electrocardiograms 
showed paroxysmal tachycardia with an atrial rate of 194 per minute and 2:1 and 
3:2 block. Oil January 20 sinus rhythm was present, with a rate of 133 per minute. 
On January 25 electrocardiograms (Lead II, Fig. 3, E) showed tachycardia with 
the auricular rate varying from 184 to 197 and a variable degree of A-V block— 
as little as 13:12 and as high as 2:1. There was also aberration of the QRS com- 
plexes, and the cycles containing the ventricular beats were shorter than those that 
were blocked. She died of uremia January 26. * 

At necropsy the heart weighed 515 grams and showed pericarditis. There were 
nenhroselerosis, bronchopneumonia, cerebral thrombosis, several pulmonary infarcts, 
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and chronic passive congestion. Lymphogranuloma inguinale, with rectal stricture 
was found. 5 

Case 29. A J., a colored man, aged 42 years, John Sealy Hospital No. 74824, was 
admitted Feb. 17, 1942, with congestive heart failure. He had hypertensive heart 
disease, with a blood pressure of 18S/10S. In addition to this he had renal in- 
sufficiency. The blood nonprotein nitrogen rose to 185 mg. per cent on March 12, 
a week before his death. It was learned that he had taken digitalis during Janu- 
ary, but the exact amount was not known. Beginning February 18, the day after 
admission, lie was given a 1%-grain digitalis tablet three times a day until Feb- 
ruary 23; the next day 1% grains daily were given, and this dose was continued un- 
til his death. Electrocardiograms, .on February 17 and 19, showed sinus tachy- 
cardia. On February 21, electrocardiograms (Fig. 3, I, Lead I, preceded by a short 
strip of an esophageal lead) showed an auricular rate of 179 to 190, with 2:1 A-V 
block. By February 24, the sinus tachycardia returned; on February 28, there was 
nodal rhythm, with a rate of SG and shifting of the pacemaker. In the electro- 
cardiograms (Fig. 3, 7) the ey'des containing the ventricular beats were 0.32 second, 
and those without a ventricular beat were 0.335 second. This patient died on March 
20 of uremia. At necropsy the weight of the heart was 570 grams, and fibrinous 
pericarditis, benign nephrosclerosis, and an infarct of the right lung were found. 
The coronary' arteries were not grossly involved. 

Case 30. — C. O., a white man, aged 73 years, John Sealy' Hospital No. 44749, was 
admitted April 17, 1942, semicomatose, with Cheyne-Stokes breathing and a. right- 
sided hemiplegia. The blood pressure was 180/104. The heart was enlarged and 
there was generalized arteriosclerosis. The signs of congestive failure were not 
conspicuous; the venous pressure was only' 13 cm. of water. On both April 17 and 
18 he received 1 mg. of digoxin intravenously, and on April 19 and 20 he received 
0.5 mg. In addition, 0.5 6m. of aminophydline was given by vein on April 18, 19, 
and 20. On April 18, the record showed atrial tachycardia with an atrial rate of 
240 per minute and 2:1 block. Electrocardiograms on April 21 (Fig. 3, J, Lead 
CF,) showed an atrial rate of 230 per minute, with 2:1 block. On April 24, sinus 
rhythm, with a rate of 75 per minute, was recorded. On May' 2 electrocardiograms 
showed atrial flutter, which was controlled by quinidine on May' 3 and 4. On May' 
4 sinus rhythm was recorded ; but on May' 5 atrial fibrillation was present. 

Case 31. — J. H., a white man, aged 79 years, John Sealy Hospital No. 01445, was 
admitted June 9, 1941, in a prolonged, persistent attack of tachycardia, wdth evi- 
dences of heart failure. He had been known to have paroxysms over a period of 
six years. Carotid sinus pressure had usually been without effect, and he had been 
taking 5 grains of quinidine three times a day'. He had benign prostatic hyper 
trophy, and required frequent catheterization. Eighteen months before he had had 
a transurethral resection. Most of his preceding attacks had lasted not ovei two 
hours. The attack of June 9 had lasted more than twenty-four hours, and had 
produced dy'spnea, pulsus alternans, pulmonary and hepatic congestion, and edema 
of the lower extremities. The neck veins were distended and there was Cheyne 
Stokes breathing. The blood pressure was 128/8S. The previous electrocardiograms, 
over a period of y r ears, showed right bundle branch block with many' paroxysms of 
taehy'cardia. On June 9, at 11:30 P.M., shortly' after admission, he w r as ghen 1.2 
mg. of cedilanid intramuscularly', and the next morning, at 9 o’clock, he was ghen 
0.4 mg. more. This dose of 0.4 mg. was repeated that evening and again the next 
day. An electrocardiogram (Lead II, Fig. 4, A upper), with carotid sinus pressure, 
on June 10, showed atrial taehy'cardia with an average rate of 162 per minute and 
varying degrees of A-V block, 6:5 and more, to 6:1, with ventricular escape. On 
June 13, with the atrial rate at 165, and 1:1 conduction (Fig. 4, A lower, Lead I), 
there was alternation of cy'de length (between 0.315 second and 0.3/ second). 
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Other drugs used were coramine and aminopliyllinc, both by mouth. Death oceurred 
March 31, 1943, as a result of gangrenous cystitis. 

Case 32. — 0. H., a white woman, aged 25 years, John Sealy Hospital No. 7(3594, 
was admitted July 2, 1942. This patient had had a fever for four months, edema 
of her eyes, feet, and legs, and abdominal distention. She was found to have sub- 
acute bacterial endocarditis, and it was thought that she also had chronic glomerulo- 
nephritis. In addition, there was evidence of congestive heart failure. On July 5, 
6, 7, and S, she was given four tablets of digitalis of 1 V> grains each. On July 9 
she received two tablets, and, after that, one tablet daily. Sinus rhythm had been 
present on July 3. On July 9, electrocardiograms (Lead I, Fig. 4, B) showed a 
short paroxysm of atrial tachycardia; the atrial rate was 150 to 160, with 2:1 and 
3:1 A-Y block. Subsequent electrocardiograms showed sinus rhythm, with occasional 
premature atrial beats. In one tracing there was a short paroxysm of auricular 
fibrillation. 

Case 33. — H. H., a white man, aged 64 years, John Sealy Hospital No. 7573S, was 
admitted Juno 26, 1942, with congestive heart failure. He had been in the hospital 
during the preceding month because of congestive heart failure. The blood pressure 
was 163/124, and there were the usual symptoms and signs of myocardial insuffi- 
ciency. On June 27, the day after, admission, he was given 8 c.c. of digilanid by 
vein. Digitalization was maintained by the administration of 1% grains of digitalis 
leaf twice daily. On July 15, he was given 2 c.c. of mereupurin, which resulted in a 
satisfactory diuresis. Electrocardiograms had shown prolonged A-V conduction. 
On July 17, he was found to have paroxysmal atrial tachycardia with an atrial 
rate of 162. On July IS, the electrocardiogram (Lead I, Fig. 4, C) showed a rate 
of 156 per minute, with 2:1 block, occasional periods of 4:1 block, and ventricular 
escape. Bundle branch block was also present. Later electrocardiograms showed 
again the prolonged P-E interval of 0.24 second. The patient died on July 22. 
At necropsy the heart weighed 450 grams. There were bilateral pulmonary infarcts, 
both old and recent. Pleural effusion and bronchopneumonia were present. Myo- 
cardial hypertrophy, with fibrosis of the myocardium, was demonstrated micro- 
scopically. There were generalized arteriosclerosis, nephrosclerosis, and chronic 
passive congestion of the viscera. 

Case 34. — M. G., a white man, aged 46 years, John Sealy Hospital No. 77524, 
was admitted Aug. 27, 1942, because of arteriosclerotic heart disease which had led 
to symptoms of congestive heart failure for four months. Two days after admis- 
sion he was given 9 grains of digitalis folia, and the following day he was given 6 
grains more. This latter dose was repeated on August 31 and September 1. Begin- 
ning September 2, a daily dose of l l /j grains was used. On August 28, the day after 
admission, the electrocardiograms showed sinus rhythm, with a rate of 79 per min- 
ute. By August 30, however, the electrocardiogram (Lead III, Fig. 4, D) showed 
atrial tachycardia with an auricular rate of 150 per minute and A-V block of 3:2, 
6:5, and less. Atrial premature beats had been seen on previous tracings, and, on 
August 31, atrial fibrillation developed. This persisted until October 21, at which 
time sinus rhythm appeared. 

Case 35. — D. N., a white man, aged 53 years, John Sealy Hospital No. 37379, was 
admitted Sept. S, 1942. He had been seen in 1932, when he was suffering from 
hypertensive encephalopathy; the blood pressure at that time was 190/110. At this 
admission lie complained of severe substernal pain of three days' duration, associated 
with djspnea for one day. Examination showed that the blood pressure was 220/120, 
and there were the usual signs of congestive heart failure. The patient had been 
given eleven tablets of digitalis folia, of 1% grains each, during the four days pre- 
ceding admission. The day of admission, September 8, he was given two injections 
of digilanid, 3 cat units each, six hours apart. The following day, an electrocardio- 
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gram was taken, and the chest leads showed evidence of anterior myocardial infarc- 
tion. It also showed (Fig. 4, E. Lead HI) an atrial rate of 193 to 207 per minute, 
and 2:1 A-\ block. Occasionally, the A-V block was only 3:2. and of the Wencke- 
bach type. There was aberration of the QRS complexes. The cycle which contained 
the ventricular beat was 0.29 second, and that which had a blocked auricular beat 
was 0.31 second. Digitalis was stopped and quinidine was administered. The fol- 
lowing day sinus rhythm was re-established. 

Case 30. — J. SI., a colored man, aged 51 years, John Scaly Hospital Xo. 10217, 
was admitted Oct. 21, 1942. This man had had congestive failure since 1940. He 
had hypertensive and arteriosclerotic heart disease, with a blood pressure of 220/ 
110. He had been taking digitalis irregularly, usually one and two tablets on al- 
ternate days. On admission, he had bigeminy and presented the usual evidence 
of congestive heart failure. On October 25 he had severe epigastric pain, and serial 
electrocardiograms showed evidence of acute myocardial infarction. A pericardial 
friction rub was heard the next day. Since the patient was already overdigitalized, 
mercupurin was employed to control his edema, and, on October 20, 28, and 30, 
2 c.c. of mercupurin were injected intravenously. On October 20, electrocardiograms 
(Lead II, Fig. 4, F ) showed atrial tachycardia, with rates varying from 171 to 
193, and A-V block ranging from 3:1 to 3:2 to 2:1, often with QRS aberration. The 
atrial cycles containing a ventricular beat measured 0.3l second. Those containing 
the blocked atrial beat measured 0.35 second. On October 27 electrocardiograms 
showed auricular tachycardia at the rate of 115 per minute, but with the pacemaker 
in the ectopic focus recorded on October 2(5. This was stopped by carotid sinus 
pressure. On October 30 the same ectopic focus produced a tachycardia at the rate 
of 150 per minute, with only occasional dropped ventricular beats. This patient re- 
sponded poorly to treatment, gradually became worse over a period of two months, 
and died Jan. 1 , 1943. The necropsy' showed great cardiac hypertrophy and dilata- 
tion, with coronary arteriosclerosis. There were renal arteriolar changes and chronic 
passive congestion of the viscera. 

Case 37. — L. H., a white woman, aged 61 years, John Scaly Hospital Xo. S0555. 
was admitted March 19, 1943. with symptoms and signs of hypertensive heart dis- 
ease. Congestive failure had appeared four years previously but had been controlled 
by' the daily us;e of digitalis; however, the dosage was rather irregular, and had 
been occasionally as much as 5 grains daily. Two weeks before admission, there 
had been an exacerbation of her dyspnea. The blood pressure was found to be 280/ 
ISO. The heart was enlarged to the anterior axillary line, and there were the usual 
manifestations of passive congestion. 

Beginning March 20, 1943, 7(4 grains of aminophylline were given daily, intra- 
muscularly. and two 1 (4 -grain tablets of digitalis were given March 20, 21, 22, and 
23. On March 19, electrocardiograms showed sinus rhythm and a rate of 100 per 
minute. On March 22, she had auricular tachycardia, with an auricular rate of 
207 to 214 and 2:1 A-V block (Fig. 4. G, Lead I). The next day she again had 
sinus- tachycardia, with a rate of 1 03 per minute; only one short run of auricular 
ectopic beats appeared on the record. 

Case 3S. — E. S., a colored woman, aged 05 years, John Scaly Hospital Xo. 75227. 
entered the hospital March 25, 1943, because of dyspnea and cough. She had been 
hospitalized twice in 1942 because of congestive heart failure due to hypertensive 
and arteriosclerotic heart disease. Numerous electrocardiograms, since March 22. 
1942. had shown auricular premature beats, and, for a short period in August. 1942. 
auricular fibrillation had been present. Since Sept. 27, 1942. she had been attend- 
ing the Outpatient Department intermittently, and had been maintained on 1(4 
grains of digitalis daily. Two weeks before admission, her own physician increased 
this dosage to 1(4 grains three times a day. Palpitation and vomiting were noted 
three days before admission. 
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llie blood pressure was 156/100. The heart was enlarged, as was the 'liver. The 
cardiac rhythm was irregular. Electrocardiograms, on March 26, 1943, showed 
many short runs of auricular premature beats. On March 29 and 31, the’ tracings 
showed auricular flutter. By April 1, the flutter had been replaced by sinus rhythm, 
with many auricular premature beats. April 5 the same mechanism persisted, with 
irregular A-Y block (Fig. 4, H, Lead CF.). 

The flutter was terminated March 31 by quinidine (eight doses of 5 grains each). 
On April 1 only 5 grains of quinidine were used ; but from April 2 to 5, 5 grains were 
given three times a day. On April 3 digitalis was begun in doses of 1% grains daily. 

Case 39. — J. M., a colored man, aged 48 years, entered Charity Hospital Feb. 14, 
1931, in an extreme stage of congestive heart failure. He had a cough and hemop- 
tysis which suggested pulmonary infarction. Dizziness and tightness of the chest 
had been present for some time. He had been in the hospital a month previously 
with the same symptoms. He had a hard chancre in 1900. Conspicuous orthopnea 
and generalized anasarca were noted. He presented evidence of cardiac enlarge- 
ment, and a striking gallop rhythm was heard. The blood pressure was 180/100. 
Rales were present at the bases of the lungs. There was some ascites. The edge 
of the liver could not be felt. The extremities were edematous. The urine was of 
low specific gravity (1.008),. and the output was low. The blood nonprotein nitrogen 
was elevated to 60 mg. per cent. The blood serologic reactions were positive. On 
Feb. 14, 1931, he was given, intravenously, 5 c.c. of digalen at 5:45 p.m. February 
15, he received 3 c.c. more of digalen intravenously. Electrocardiograms taken 
February 16 showed paroxysmal atrial tachycardia, with 3:2 block and a rate of 154 
per minute (Fig. 4, 7, Lead I). Tincture of digitalis in a dose of 30 minims was 
started February 21. The patient continued to grow worse and died March 4, 1931. 
No autopsy was done. 

Case 40. — M. C., a Negress, aged 22 years, entered Charity Hospital Jan. 26, 1928, 
with congestive failure and paralysis. Her symptoms began at the end of Iter preg- 
nancy, three weeks before admission, when site had noticed attacks of severe weak- 
ness and dizziness. At the age of 20 years she had had severe malaria which lasted 
for several months. She had had mild attacks of tonsillitis, and occasionally aching 
in the shoulders, but no typical rheumatic fever. Her marital and family histories 
were negative. She was orthopneic, her tonsils were inflamed, her thyroid gland was 
enlarged, her heart was enlarged, and the rate was fast. There was gallop rhythm, 
and, at times, irregularities of rhythm were noted; her blood pressure was 121/62. 
The liver and abdomen were negative. The extremities were edematous and there 
was partial paralysis of the legs. The urine was of low specific gravity (1.005), 
and contained albumin and granular casts. Electrocardiograms taken on the day 
of admission showed paroxysmal tachycardia with an atrial rate of 206 to 222 and 
occasional dropped beats; the block at times was as much as 3:2, (Fig. 4, J, Lead II). 
According to the record, the patient had apparently received no medication, although 
she might have received digitalis before she left home. She died on the second hospi- 
tal day, and no autopsy was done. 

ANALYSIS OF ILLUSTRATIVE CLINICAL MATERIAL 

Our clinical material lias been derived from electrocardiograms taken 
on S,S00 patients over a period of about twelve years. Included are one 
hundred two examples of supraventricular paroxysmal tachycardia of 
varying duration. Study of these curves showed that there was failure 
of atrioventricular conduction in thirty-eight instances. Two additional 
cases from Charity Hospital in New Orleans are included. In others the 
A-V conduction time was relatively prolonged, but these cases were not 
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included because .simple prolongation of the P-1? interval in assoeiation 
with paroxysmal tachycardia was not studied further. This study con- 
cerns only those cases of paroxysmal tachycardia in which there were 
definitely dropped ventricular heats. 

Harr, Sex. Mortality . — Table I shows the insignificant sex and racial 
distribution, as well as the significant mortality statistics. Death oc- 
curred in twenty-two eases (no per cent) durinp the period of hospital- 
ization in which paroxysmal tachycardia wilh block was found. This 
fact emphasizes the serious prognostic implication of the concomitant 
presence of A-V block and paroxysmal tachycardia. 
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Tti])( of Han't Disease . — Table II shows the distribution jiceordinir to 
ape and aecordimr to the etiohude type of heart disease. The heart was 
normal in only two eases. One patient had a column it ally hypoplastic 
aorta with cardiac failure; one had subacute bacteria! endocarditis, prob- 
ably ciniraftcd on rheumatic valvulitis: one had fatal myocardial failure 
three weeks post parium: three had syphilitic aortitis with aortic 
mrnrjjitalioit. Tlie remainimr patients (sn p.-r cent) had either 
hypertensive or arteriosclerotic licart di-< asc; the two were usually, hut 
not invariably, associated. In thirty-five of this scries cornu-stive heart 
failure was pivscnt before the appearance of ; h<- paroxysmal tachycardia 
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with A-V him*!:. 1 j! two instances failure was precipitated by the rapid 
heart action; in three eases there was no myocardial failure. Fifteen 
patients were studied at necropsy and in eight of these pulmonary em- 
bolism was found. 

Meditation.- -St udy of the records showed that the preceding medica- 
tion played an important role both in the precipitation of the tachy- 
cardia and in the production of A-V block. Only seven patients had 
received no digitalis. Of the remaining thirty-three, twenty-three had 
an obvious overdosage of digitalis. The other ten had received what 
appeared to he reasonable doses, but they may have been too much for 
these particular patienls. A history of previous digitalis administration 
may have been overlooked or not recorded. In these thirty-three eases, 
digitalis medication preceded, and may have precipitated, the tachy- 
cardia in twenty-five instances. In six eases digitalization caused A-V 
block in a pre-existing tachycardia: in the remaining two the block was 
definitely induced by prostigmino. Prostigmine was used in another 
case without effect. 

In three cases the tachycardia with block appeared immediately after 
large diuresis due to meretipurin. We interpret this phenomenon as a 
consequence of overdigitalization resulting from diuresis. Amiiio- 
phylline administration preceded the tachycardia in ten eases, in seven 
of which it was given by vein. In one. instance the block .appeared im- 
mediately after the intravenous use of amiiiophvlline. Coramine was 
given to three of the patients, hut we cannot say that it contributed 
to the development of tachycardia, either with or without block. 
Quinidine was given to six patients, and may well have contributed to 
the impaired A-V conduction. 

The (jradt of .1-F hioti; varied somewhat. The most common type was 
2:1, which was recorded in twenty-fine patients. Progressive increases 
(Wenckebach periods) occurred in twenty-two eases. There wore 4:11 
and 8:2 in eighteen electrocardiograms, with lower grades of fi:4 to 
10:9 in fifteen, and still lesser grades in six. Nine patients, on the other 
hand, developed higher grades of block: 8:1 was recorded six times. 4 ;1 
four times, and 0:1 once. 

Increased conduction disturbances were produced by carotid sinus 
pressure in four electrocardiograms, whereas respiratory changes in- 
creased the block in two cases and change of position produced this in 
one instance. Then* were other electrocardiographic abnormalities of 
note. The intraventricular conduction time was increased doling the 
paroxysm in eight eases. 

The P-P cycle length showed alternation in nine instances; the cycle 
containing the ventricular complex was shorter than the following one 
in which A-V conduction was blocked. This was probably due to vagal 
reflex inhibition of the ectopic pacemaker, similar to that demonstrated 
by Ashman and <«ou:mx’ 4 in complete A-V block. 



470 


AMERICAN HEART JOURNAL 


Table IV 


6:1 1 

4:1 4 Lo cases 

3:1 6 J 

2:1 21 cases 


Grades of Block 

4:3, 3:2 IS cases 

5:4 to 10:9 15 cases 

Less G cases 

Wenckebach type 22 cases 

of block 


Carotid sinus pressure increased block 4 cases 
Respiratory change increased block 2 cases 
Postural change increased block 1 case 

Delayed I-V conduction during paroxysms 8 cases 
P-P cycle change with block 9 cases 


Pulmonary embolism and infarction 8 cases (15 necropsies) 


Auricular Bate and Grade of Block 


RATE ( NO. OF CASES 

GRADE OF BLOCK 

<150 3 

rare block — > ; 

3:1 

150-199 26 

rare block — > 

6:1 

200-249 9 


i :4 : 

8:1 

>250 5 

5:4 : 

3:1 

Associated Atrial Mechanism Disturbances 




INDIVIDUAL 


BEFORE 




A-V BLOCK 


CASKS 




TOTAL 

Atrial paroxysmal tachycardia 

11 

6 

12 

Atrial premature beats 

7 

7 

10 

Atrial fibrillation 

6 

4 

9 

xVtrial flutter 

1 

3 

4 

Shifting pacemaker 

2 

1 

3 

Delayed A-V conduction 

1 

2 

2 


Table V 
Medication 

(As Contributing Factor to Tachycardia and Block) 


DIGITALIS 

CASES 

None 

7 

Moderate doses 

10) 

Overdosage 

23) ' 

MERCUPURIN 

3 

QUINIDINE 

6 

AM1NOPHYLLINE 

10 


<h> 


33 4 


CASES 


Produced block in pre-existing 6 

tachycardia 

Produced both tachycardia and block 25 
Produced tachycardia; block 2 

produced by prostigmine 
prostigmine 2 

CORAMINE 3 


HEART FAILURE 

Absent 

Induced by tachycardia 
Present before tachycardia 


Associated atrial mechanism disturbances were present in many cases 
before and after the time during which A-V block was recorded. Other 
attacks of uncomplicated paroxysmal atrial tachycardia antedated the 
block attack in eleven cases and postdated it in six cases in twelve 
patients. Atrial premature beats were recorded before the block attack 
seven times and after it seven times in ten patients. Atrial fibrillation 
was present in six instances preceding the paroxysmal tachycardia with 
block, and, subsequently, four times in nine patients. Flutter was 
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present. one time before, and three times afterward, in four patients. 
Delayed A-V conduction had been present in two earlier electrocardio- 
grams and occurred in one instance in the later electrocardiogram in two 
patients. A shifting pacemaker was recognized in two patients before 
the paroxysmal tachycardia with block attack, and once afterward. 


niserssTox 

It must be explicitly stated that we do not possess absolute criteria 
for sharp differentiation between atrial tachycardia and flutter. We 
have set down the criteria which have guided us. the most basic of 
which is the presence or absence of an isoelectric mechanism. Even this 
may not he valid, for a circus mechanism lias been postulated for tacliv- 
c•ardia. ,! ‘ , ®" We do not propose to discuss this possibility further at 
this time, for we have excluded from this series several instances in 
which paroxysmal tachycardia was closely associated with definite flutter 
or fibrillation, and are studying this association further. In our opinion, 
the eases illustrated conform to the criteria cited, although it is certainly 
desirable to obtain more absolute criteria for sharper differentiation. 

In studies that are among the earliest of electrocardiographic- 
pharmacologic experiments. Lewis. White, and Mcakins 31 showed that 
the atrioventricular junctional tissue, is most susceptible to influences 
which depress conduction. Lewis. Drury, and Ilicscu" found that 
among the influences that produced block were asphyxia, increased 
atrial rate, vagal stimulation, and stropbanthin. Local increases in 
hydrogen-ion concentration have been found to have a similar effect. 
Our observation that A-V block occurs rather frequently in paroxysmal 
atrial tachycardia, particularly in hearts that are affected by myocardial 
disease, or which have been subjected to digitalis or quinidine medication, 
is merely clinical confirmation of these older experimental observations. 
Wilson and Wishart 13 comment on the rarity of block in paroxysmal 
tachycardia, as compared to its frequency in flutter, hut refer to one in- 
stance of their own in which digitalis and added vagal tone did induce 
block. They also illustrate a case in which two paroxysms terminated 
with blocked atrial complexes. 

Tachycardia of the type under discussion occurs commonly in normal 
hearts. However, only two hearts of the present series could he calks} 
normal (Cases 0 and -I). In Case 6 the patient, had been given 
moderate doses of digitalis, and in Case 21 he had received an obvious 
overdosage. In other words, every patient included in this study had 
either myocardial disease, coronary or aortic disease conducive to myo- 
cardial anoxemia, or had received digitalis. In two instances the vago- 
tonic effect of prostiginiuc was an added factor in producing A-V block. 
Most of the patients had disease of the myocardium and had received. 
in addition, digitalis, quinidine, or both. In our experience, such in- 
fluences produce A-V block not uncommonly, although its apnea fence 
in normal hearts is distinctly rare. 
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Tlie high incidence of A-V block among our records of paroxysmal 
tachycardia is probably due to the fact that most of the records were 
obtained from patients who had been hospitalized for cardiac disease. 
In fact, the majority of them had disease extensive enough to have led 
to congestive heart failure. 
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I X* THE first j>;i per ol' 1 his series 1 we presented llie results of our study 
of the direct ions of the QUS axis and QU.S-T axis, with reference to 
their projection on the frontal plane of the body, and the relation be- 
tween the axes as these were influenced by apparent rotation of the 
heart about anteroposterior, transverse*, or longitudinal axes. We also 
examined certain normal influences which seemed to cause a ch autre in 
the relation between the axes. In the second paper 5 we inquired into 
the manifest magnitudes of the (JUS (A«pj*A and QU.S-T (ft) vectors, 
the projections of the spatial vectoits. KA/p-s and Sf;, upon the frontal 
plane, and into the faetors wliieli affected those magnit tides. We were 
able to demonstrate that the magnitude of the manifest (JUS area (A<p*s) 
was chiefly influeneed by physical causes, namely, changes in the position 
of the heart within Ihe thoracic cage. whereas the manifest area. <>. or 
the ventricular gradient, was increased or decreased not only by the 
same factors which changed the manifest magnitude of the QUS area, 
but also bv jihysiologie conditions, sueli as ehang<*s in the heart rale 
and, perhaps, in the ventricular stroke volume. In order to make clear 
the reasons for the effect of changes in position, it was necosarv to 
anticipate the material of the present paper. Although extended discus- 
sion was avoided, it was stated that we were mainly concerned with three 
axes, namely A,p !S . ft, and a longitudinal anatomic axis around which 
Ihe heart could rotate. This paper will describe these three axes, to- 
gether with the anteroposterior and transverse axes of rotation, and will 
define, with the evidence, the spatial relations of the first three. 

1. Anatomic and I’lnisioha/ir Considerations . — The cardiac ventricles 
are located in the thoracic cavity and rest upon the diaphragm. In the 
average cardiac position, the atrioventricular valve openings are sonic 
what above and to the rear: the cardiac ap<*x is somewhat below and near 
the anterior thoracic wall. As viewed from tin: front, the anterior sur- 
face of the ventricles is largely right ventricular wall, and a larger or 
smaller extent of left ventricular surface is visible to the left of the 
interventricular groove. If there is clockwise rotation ot tke heart about 
a long axis, less of the left ventricular surface is visible; if then* is 
eonnlotvlorkwisc rotation, more of that surface is seen. In most hearts, 
the whole right border, from the root of the superior vena cava or aorta 
to the diaphragm, is formed by tin* right auricle. In other hearts. ;< 

Kvc«»|v*tl for T If**'. 4 . 

•Kiom tit*' I'**}* tt of of •%*' Vri'r* . m* v 

School of N« w Oil- ui*. 
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small part of the right ventricular border is visible between the 
diaphragm and the right auricular border. Because of these differences 
it is likely that no method of ascertaining the long axis of the ventricles 
is quite accurate, and for convenience we have chosen the line drawn 
from the aortic-atrial angle to the ventricular apex as the longitudinal 
anatomic axis. 

On excitation, the ventricles presumably are activated by impulses 
delivered by way of the bundle branches and their subdivisions. Since 
we are dealing with the axes as they are recorded or calculated, rival 
theories of the mode and sequence of ventricular excitation do not con- 
cern us. The facts of animal experimentation, of which the latest and 
probably the most useful study is that of A. Sidney Harris , 3 demonstrate 
that the epicardial surface of the anterior, apical, right and, in part, 
anterior left ventricular Avails is the first to become fully activated in 
the monkey. The left ventricular base and the pulmonary conus are 
latest. In the dog and cat the time relations are similar, although not 
identical. This may readily be interpreted as meaning that- the in- 
stantaneous electrical axis of QRS initially points forward and down- 
ward. But this direction is not long maintained. The instantaneous 
axis rapidly rotates, to right or left, and comes to point more or less 
backward, and finally even upward, in most hearts. The relatively back- 
ward direction, being longer maintained, causes the mean axis of the 
QRS to point in a backward direction relative to the anatomic axis. A 
paper by Gardberg and Ashman 4 considers in detail the electrocardio- 
graphic consequences of this upon the instantaneous electrical axes which 
compose the QRS complex. 

After inscription of the QRS complex, the RS-T segment and T wave 
are written. The repolarization of the muscle has begun in the regions 
earliest to enter into activity before the activation of the whole muscle 
mass is complete. Hence, any displacement of the S-T segment, not due 
to disease, is considered to be a part of the T complex. Repolarization of 
the ventricles, as explained in our first paper, occurs in general in a 
direction which differs from the order or sequence of depolarization. In 
other words, the orders of accession and regression are not the same/- 
This is the reason for the existence of the ventricular gradient, and, as a 
matter of fact, the orders of accession and of regression are neaily 
opposite, under usual, normal conditions. It is most convenient to 
assume that the subepicardial muscle fibers, in general, recover moie 
promptly than the subendocardial fibers, and it may eventually be found 
that the major effects in the production of the gradient are within the 
left ventricular Avails, including the septum. 

Since the mitral and aortic valve openings cannot participate in this, 
the unbalanced electrical forces are directed approximately, although 
almost certainly not precisely, opposite the valve openings. If all the 
left ventricular Avails shared equally in producing the effect, and the 
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right ventricle* not at all. the axis of QRS-T (<*;) would then point from 
the center of the eonihined valve openings on the left, out through the 
wall opposite the openings. To the extent that the position of the heart 
shifts during systole, will the dire'*; ion of the electrical forces then pro- 
duced experience a change in direction. It appears possible that the 
leftward shift of w, which was stated to occur under some, although not 
under all, conditions of cardiac acceleration, is due to this. 

Our present problem is to ascertain the apparent directions of the* 
mean spatial QRS (SAq I; s) and QRS-T (.SO t axes, relative to each other, 
and relative to the anatomic axis*. 

2. Materials If sal . — Those were the same as those described in the 
second paper of this series. Tn addition, orthodiagrams or roentgeno- 
grams were obtained on eighteen subjects, and measurements were made 
of the anteroposterior chest diameter at the level of the fourth inter- 
costal space at the sternum, together with measurements of the transverse 
thoracic diameter at the level of the cardiac apex. With the permission 
of the author and the publishers, wo have also made, extensive use of the 
excellent roentgenograms and electrocardiograms in Master's hook/' 

11. Estimation of tin Size of (he Anplr lUtiran lh< Mean Spatial Qh'S 
(SAfftts) QltS-T (SO) A rt s. — In the first paper, it was shown that 
when the ventricles are rotated in a clockwise dim-lion around the longi- 
tudinal axis of rotation. Aqus lies Jo the right of 0. and it was shown 
that, counterclockwise rotation causes Apr,* to lie to the left of ft. It was 
pointed out that this can only mean that the directions of the two axes 
are different and that the spatial axis. SAyus. points backward relative 
to the spatial axis. SO. Hut it is apparent that the angle between SA.^is 
and SO, the ventricular gradient, is not correctly reflected in the projec- 
tion of these axes on the frontal plane. Reference to Fig. 1 will main* 
it easy to sec that when the QRS axis is directly behind the QRS-T. their 
directions relative to the frontal plane will-be the same. On tin* other 
hand, if the longitudinal axis of rotation (11 s were in the frontal plain*, 
and if the heart wore rotated sufficiently about the 11 axis, either clock- 
wise or counterclockwise, both axes would come to lie in a plane parallel 
to the frontal plane, and the angle between them would be the true angle. 
At the same time the manifest areas would be at their maximum. 

a. In order, therefore, to attempt to ascertain the. true siz<* of the 
angle, we may select those few eases which show nearly maximum net 
QRS areas, and nearly maximum QRS-T areas for the heart rati*. Tin* 
true angle should be no smaller than the recorded angle, although it will 
probably be larger, since the required rotation may not normally occur, 
and the axis of rotation will not often be in the frontal plane. Further- 
more, since we have found that normal, counterclockwise rotated hearts 
do not show maxima! QRS and QRS-T amis in our s.-ries of eases. v.v 
may confine our search to marls with «*lo.*kwis*e rotation. \V«* mint 
Hot forget, also, that unavoidable error in measurement snnv giv»- us 
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angles which are several degrees too large or too small. The result of 
this method shows that the four largest angles, directly recorded, are 19, 
20, 22, and 23 degrees, respectively. Allowing for error, the angle be- 
tween the QRS and QRS-T axes is, therefore, greater than the average 
of those figures, or 21 degrees. The larger angles seen in Fig. 2 of the 
first paper can he ascribed to foreshortening of the angle as projected 
upon the frontal plane, and possibly to change in position of the heart 
during systole. 

/V 

Aq rs 


A 

& 


5liqht clockwise Slight counter clockwise 

rotation about H rotation about H 


SAors 


Z5 Units 


! 4 ; 

Vertical (frontal plane) 50 

B C 

Fig-, i. — a. Showing- relationship of axes as projected on the frontal plane, with 
clockwise rotation about H, on left, and counterclockwise rotation about H, on right 
H points downward, forward, and to subject’s left. 

B, The spatial axes as seen in a right lateral view when the axes lie in a saggital 
plane. The vertical dotted line marks the intersection of frontal and saggital planes. 

C, The spatial electrical axes after rotation of the heart so that SG marks the 
intersection of frontal and saggital planes. Described in text. 

It should be said that the normal absence of extreme rotation, and 
absence of angles larger than 23 degrees when the areas are nearly 
maximum, are facts worth recording. 

b. A trial and error method of ascertaining the size of the spatial 
angle between SAqrs and S(f was the one we first employed. Using a 
model showing the longitudinal axis of rotation, IT, and the two electrical 
axes, the several axes can be drawn on the roentgenogram and the sizes 
of the angles chosen to give the best fit of all three axes (Fig. 1). Pro- 
ceeding in this fashion, we arrived at an angle between Ihe two electrical 
axes, SAq I:s and SO, of about 31 degrees, and an angle of about 59 de- 
grees between H and S6. 
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<*. Tho third method will Ik; dearrr if we refer to the axes as shown in 
Fig. 1, Jl and C. These diagrams show the SAqus and SO axes as they 
would appear if seen from the right side of the body. In Ii of the figure. 
•SAqiis points directly backward, so that its net area, as projected on the 
frontal plane, is zero. From the slope of the highest (•’ values at different 
magnitudes of A^ns, hi Fig. 2 of our previous paper, it may lie inferred 
that when Aquk is zero, the maximum (J value is about 11 units (-1-4 
microvolt-seconds). We may now imagine that the axes are rotated 
about a transverse axis to the position shown in Fig. 1 ('. SO is now 
parallel to the frontal plane, and its projected value. (>' . is now at its 
maximum. In the previous paper, we found this maximum value to be 
2d units. These data. 11 units and 23 units, enable us to calculate the 
angular rotation of SO as it moves from tin; position shown in V, of the 
figure to the position in C. 0. the projected value, will grow as the 
cosine of the angle between it and the frontal plane. Tin* ratio, 11:23, 
is 0.478. This corresponds to an angle of G1 degrees and 27 minutes, 
which, in round numbers, we may call (51 degrees. As is evident from 
It of the figure, flO degrees, the angle between SA^jis atid the frontal 
plane, minus (51 degrees, or 2!) degrees, is, therefore, tin* angle between 
SA( } ns and SO, according to this calculation. 

d. 'fhe fourth method of calculating the spatial angle between SA^ch 
and SO need not be described in detail. It is obvious that when the heart 
is not rotated on its longitudinal axis, there will be a simple trigonomet- 
ric relationship between the area. A, and she area. 0. as the heart is 
rotated, about its transverse axis. We found twenty-six hearts with 
Aqi-s values of 3.0 units (12 microvolt-seconds) or less, including negative 
values. Such areas preclude much rotation on II. Tin 1 average value 
was 1.0 unit, and the average value of 0 was 8.4. Another group of 
twenty-seven non rot a ted hearts had A<. t :s magnitudes of over 3.0 units: 
the average was 7.0 units, and the average value of 0 was 13.0. In both 
groups, the values were those after adjustment Jo a heart rate of SO. 1 li- 
the magnitude. SAyas. is between 10 and 11 units (see below) it may be 
calculated that the spatial angle between S.V,,. s - and SO is 20 degrees. 
This agrees with the third method of calculation. Although there are 
valid mathematical objections to averaging tin* values used, ibis method 
should give a fairly good approximation. 

In recapitulation of the four methods of calculating the angle between 
the two vectors, the first shows that the angle is somewhat greater than 
21 degrees; the second, as first employed, indicated about 31 degrees; 
and the two calculations agree on nearly 23 degrees. We will he suffi- 
ciently correct, therefore, if we take 30 degrees as the true angle in the 
typical norma! adult heart, with tho subjeet in the supine position. 

. Unless we put in an emphatic comment at this point, the third analysis 
given (paragraph ei may be interpreted as meaning that in actuality 
the heart may rotate Gl degrees alwm! a transver-- axis when diffoj-«-nt 
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persons are compared. The calculation does not mean this. When A QRS 
is zero, the heart cannot he in a position of rotation on its long axis. 
On the other hand, the maximum Cf values will usually lie obtained in 
rotated hearts. If we assume that the same heart could show the re- 
quired changes, it could rotate 30 degrees on a transverse axis and 30 
degrees on II to change from the position of minimum manifest mean 
QRS area to that of maximum manifest mean QRS-T area. Such 
changes, when different subjects are considered, are certainly not ex- 
treme. 

The Magnitude of the Mean Spatial QRS Vector . — We may now, in 
passing, attempt a rough, indirect calculation of the true magnitude of 
SAq RS . Again referring to Fig. 2 of the previous paper, 1 we find that 
the average value of Aq RS , when Cf was 23 units, was about 9.5 units. 
After allowing for the fact that most of these hearts were somewhat 
rotated, that A QRS , although large, could not have been quite at, its 
maximum magnitude (since no heart in a normal chest can be strongly 
enough rotated to bring all three axes into the frontal plane), we may 
guess, trigonometrically, that A QRS , the projection of SA qrs , has about 
85 or 90 per cent of the average magnitude of the latter when G is 23 
units, and that the average of SA ors is, therefore, about 10.5 or 11 units, 
although it may possibly be somewhat larger. Since the persons in ques- 
tion were men, this may be regarded as the approximate average SAq R s 
in that group. It is noteworthy that only eight A QRS values in 270 sub- 
jects exceeded the value of 10.5 units, and that seven values lay in the 
range 10.4 plus-minus 0.1 units. No doubt, with respect to the values 
both of SCf and SA QR s, there is some individual variation. A few of 
our highest Aq RS values may, of course, be abnormal, particularly the 
four cases at 11.9 to 12.6 units, assuming their size was not overestimated. 
When a patient is found to have a large, carefully measured Aq RS (we 
may call 11 units the upper limit of the normal), it is obvious that the 
case should be analyzed to decide whether the large value is due to the 
position and rotation of the heart, or to changes produced by disease. 
This, of course, is also true of very small Aq R s values. Because of the 
narrowness of the QRS complex in young children, there can be no doubt 
that their average SA qrs magnitude is considerably smaller than that 
of adults. 

Our data may, of course, be subjected to further analysis of a mathe- 
matical type. For example, when the Aq R s values are negative, and 
the axis lies in the neighborhood of minus 110 degrees, the manifest mean 
area of QRS-T should be near the minimum, on the average. This agrees 
with the observed facts of our few such cases. The maximum values 
should, in 'general, be observed in hearts rotated rather strongly in a 
clockwise fashion which are not vertical, and this again is distinctly, 
in accordance with the observed facts. These observations afford further 
evidence that the two axes are separated by an angle of fair magnitude, 
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mid 1 hat rotations <*f various typi-s and deciws are reflected with eon- 
sisfent faithfulness by the electroeardinurain. This statistical analysis, 
however, jrivos ns no direct information reaanlini! the aim! is between 
the electrical axes and the loiuritudinal axis of rotation, althoiiuli this 
milihl he inferred, nor does it tell us the extent to which individual 
hearts may deviate from the averages. Many hints smiyest that the 
latter divergences arc not irrcat. We will now proceed to a comparison 
of the elect nirardiojrrnphie with the anatomic evidence. This should nive 
us further information alomr the lines we have considered. 

4. Thr Sizt of tlx .1 n tilts llrhr/tn Ihr Ftvrrnl A :ri s. Kslinoilt <7 From 
a Comparison of tin Kin I rorardini/ram anil Ihr Canh'ar Silhourllr . — As 
a preliminary 1o this study, by use of a model of the electrical and ana- 
tomic axes, we compared the directions of A ws and ft. as shown by the 
elect rocardiouram and the anatomic axis as shown by the roentueiiouram. 
With the permission of the author and the publishers, we have diawn the 
silhouettes and thoracic outlines shown in our bias. 2. .‘1. 4. and fi from 
A. M. blaster’s valuable and instructive book.'’ so that these are available 
to the reader who may be interested in ehcekintr our observations amiinsl 
a reliable series of roent Renoir rams and elect rocardiosirams. To this 
series, wo have added eighteen eases of our own. We may note here that 
our analysis fully vindicates Master in his insistence upon the importance 
of positional ehanucs of the heart. 

In our study of Master’s figures, after a ton id liif of trial and error, 
we finally devised a model which had a Jib decree ant.de between the 
longitudinal anatomic axis of the heart and the mean QUS axis, and a 
f>!) dcfiree or (JO decree am.de between the anatomic axis. 11. and the 
ventricular gradient. the three beint: in the same plane (Kitr. 1 .4). The 
model was attached, by the lower end of its II axis, to a rubber ball, 
so that it could lie rotated in front of a chart. The « uncles were marked 
on the chart as radiating lines, and concent tie circles were drawn around 
tin* center of radiation so that the net manifest mean area of the QKS 
complex (A ( i[*s values) could he represented. A source of liidit. nearly 
HO feet distant and properly placed, projected the shadow of the model 
upon the chart. The model was then adjusted so that II on the mode! 
coincided with the direction of H shown by the cardiac silhouette. Keep- 
ing 11 fixed, further adjustments and rotations were made until t hi* 
direction and the magnitude of A,. t; s were also correct for the heart hi ine 
studied. The direction of <*; was then read from the chart, and this din e- 
tioli is called the "calculated" i; (Tables 1 and Ili. which is then com- 
pared with the actual direction of C, as it was ascertained from the 
elect roeavdiouram. If. iu the whole series of cases examined, the “calcu- 
lated" and actual directions of (*; are in tiood agreement, it may then be 
assumed that the am:!e between and S<*i chosen for tin- mode! js 

nearly the same as the true spatial atst.de. At the same time, the tabb-s 
show the rrmtte of variation in axis directions in normal subjects. ,\s 
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will be shown, if the electrocardiogram indicated clockwise or counter- 
clockwise rotation, then in nearly all instances it was necessary to rotate 
the model in the corresponding direction to obtain a good agreement be- 
tween the axes. In most instances, when the electrocardiogram showed 
that the apex should he tilted forward or backward, it was found that 
this movement resulted in better agreement between the calculated 
and observed relations. It will be seen that, since there were five 

Table I 


SUB- 

JECT 

NO. 

AGE 

AND 

SEX 

AREA 

Aqrs 

ROTA- 

TION 

•* 

H Aqr s 

(de- (de- 
grees) GREES) 

G 

(DE- 

GREES) 

CALCU- 
LATED G 

(de- 

grees) 

DISCREPANCY, 
TO RIGHT OR 
LEFT OF CALCU- 
LATED 
(DEGREES) 

4 

10 mo. F 

3.70 

c5 

+26 

+74 

+66 

+56 

10 B 

5 

5 F 

5.20 

c4 

+39 

+88 

+63 

+61 

2 E 

6 

7 M 

7.65 

c4 

+42 

+97 

+76 

+77 

1 L 

7 

12 M 

7.60 

c3 

+48 

+8S 

+69 

+72 

3 L 

8 

20 F 

4.10 

cl 

+38 

+68 

+46 

+51 

5 L 

9 

30 M 

5.75 

ce-3 

+35 

- 5 

+15 

+16 

1 L 

10 

60 M 

4.65 

cc3 

' +35 

- 5 

+16 

+19 

3 L 

11 

75 F 

7.30 

ec5 

+36 

-34 

- 8 

- 2 

6 L 

12 

81 M 

6.70 

cc5 

+33 

-28 

- 9 

+ 3 

12 L 

13 A 

21 M 

6.90 

c3 

+32 

+42 

+28 

+38 

10 L 

13 B 

21 M 

8.20 

e3 

+43 

+82 

+67 

+68 

1 L 

UA 

44 F 

5.60 

c2 

+50 

+77 

+74 

+65 

9 E 

15 A 

73 M 

4.30 

cc3 

+42 

+20 

+44 

+32 

12 E 

15 B 

73 M 

3.70 

ce2 

+44 

+54 

+64 

+48 

16 E 

16 Al 

12 M 

8.35 

e2 

+30 

+52 

+42 

+46 

4 L 

10 B 

12 M 

6.50 

c3 

+44 

+S3 

+64 

+66 

2 L 

17 A 

12 F 

2.60 

cl 

+34 

+74 

+39 

+42 

3 L 

17 B 

12 F 

2.60 

cl 

+33 

+74 

.. +19 

. +42 

23 L 

18 A 

27 F 

7.75 

cc3 

+38 

+1S 

+12 

+25 

13 L 

20 A 

29 M 

2.00 

ccl 

+33 

+25 

+38 

+29 

9 E 

21 

45 M 

6.30 

c2-3 

+43 

+77 

+69 

+63 

6 E 

23 B 

35 M 

6.00 

c3 

+56 

+92 

+68 

+73 

5 L 

24 

21 M 

7.40 

c3 

+54 

+95 

+81 

+73 

S E 

22 f 

15 M 

4.50 

cc2 

+56 

+50 

+56 

+54 

2 E 

25 

26 F 

8.10 

e3 

+46 

+68 

+42 

+58 

16 L 

26 B 

49 F 

3.30 

cc4 

+26 

-41 

+ 1 

+ 2 

1 L 

27 

21 M 

4.70 

cc4 

+30 

-10 

+11 

+12 

1 L 

28 A 

25 F 

8.70 

None} 

+25 

+30 

+24 

+28 

4 L 

29 A 

33 F 

5.40 

ccl 

+26 

+13 

+22 

+20 

2 B 

29 B 

33 F 

5.20 

None 

+35 

+32 

+32 

+33 

1 L 

31 

52 M 

9.20 

cc4 

+35 

-24 

+ 5 

- 5 

10 E 

36 

56 F 

6.20 

cc2 

+38 

+10 

+20 

+22 

2 Ij 

37 

29 F 

9.00 

cc3 

+40 

+29 

+31 

+36 

5 L 

42 

39 M 

6.10 

cl 

+45 

+59 

+54 

+51 

3 B 

44 

27 F 

6.80 

c3 

+47 

+87 

+64 

+65 

1 Jj 

63 A 

34 M 

7.20 

cl 

+45 

+65 

+61 

+58 

3 E 

73 

13 M 

8.00 

CO 

+47 

+120 

+81 

+80 

1 E 

78 

20 F 

4.30 

cc4-5 

+60 

+23 

+50 

+40 

4 E 

84 C 

22 M 

7.00 

c3 

+44 

+60 

+43 

+53 

30 L 

97 B 

16 M 

4.50 

c2 

+44 

+89 

-+56 

+60 

4 L 


*c = clockwise rotation on long axis as shown by electrocardiogram. c 
terclockwise rotation. The figures 1 to 5 represent the electrocardiographic P* 1,1 - 
of very slight to doubtful rotation, 1 ; slight, 2 ; definite, 3 ; marked, 4 , e.xtrem , . . 


fFirst edition of Master’s book, 
t Varies with respiration. 

The fact that there are more leftward than rightward deviations of U is Probab J 
due to the fact that the electrocardiogram was usually taken with the suujeei . tin 
recumbent, and the roentgenogram with the subject in a different position. 
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variables (th o position of the three axes and tin* direction of rotation 
both about II and also about the heart’s transverse axis), a good agree- 
ment. in the total series of eases, between the eleetroeardiogram measure- 
ments and the model eannot be due to elianee. Table I gives a summary 
of Die measurements. 

We may now eonsider the figures from Master’s book/ - indicating in 
parenthesis wliieh of our figures eorresjmnd. Although tlie agreement 
with the model appears to be pood, we omit Master’s 20-day-old infant, 
and take bis figure 4. from a normal infant, 10 months old. Here 
A,ji:s is rather small, although individual defleet ions are large, and the 
deep Q. and Sj indicate strong clockwise rotation about H. As we 
measure Diem. A,,i : s is plus 74 degrees, (i is plus fib degrees, and H is 
rather transverse, namely, pins 2fi degrees. The heart rate is about 122 
(average of Leads 1 and JII). When the model was placed so that II 
agreed with the roentgenogram and A y ,.s agreed with flu* electrocardio- 
gram, ft was about b(> degrees, differing by 10 degrees from the expected, 
figure. It has been assumed that, in the infant, the net area of the 
mean QliS vector is normally smaller than in the adult because of the 
narrowness of the QKS complex, and correction was made accordingly. 
In any event, we regard the agreement as good. 

It may be noted at this point that Die electrocardiographic measure- 
ments. the estimation of the direction of tin* anatomic axis from Die 
cardiac silhouette, and the estimate of the direction of 0, by use of the 
model, are all obviously subject to error. The electrocardiogram and 
roentgenogram were taken with the subject in slightly different positions 
in most eases. In view of these possibilities of error, the agieements 
shown appear In us to be very good. 

In figure 5 (Fig. 2 A) we read Ayn*. plus 88 degrees; <*;, plus f>3 
degrees; II. plus 11!) degrees. The magnitude. A« Jt .«s, is nearly average. 
Here the model shows a ft of plus 01 degrees. The expected and ob- 
served angles agree within 2 degrees, certainly far less than Die errors 
inherent in the method. Master's figures 0 and 7 (Fig. 2. B and F) also 
show excellent agreement. Figure 8 (Fig. 2 D) shows a difference of ft 
degrees, but Aqus is small, increasing the probable error of the method. 
Tin* electrocardiogram in this ease shows a Q, and a larger S s . with a 
trace of K.. From the criteria in Fardbcrg and Ashman's paper, we 
judge this to be an example of slight clockwise rotation about H, and 
this is confirmed by the fact that the peak of i{, is earlier than the peak 
of !{,, As inspection of tho model will show, when the magnitude. Aya*. 
is small, a slight rotation about H will produce :s considerable angle be- 
tween II and A, .ns. Figure !) (Fig. 3 A) shows a considerable degree of 
counterclockwise rotation about H. and. as expected. ft lies to the right 
of Ayrs- The agreement between the electrocardiogram and the model is 
excellent. Likewise, figures 10 i Fig, 3 B). 11 (Fig - . 3 F). and 12. all 
count ei'eloekwise by Wilson and .lohnsfou’s verlojvardiogranv and bv 
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Gardberg and Ashman’s and other criteria, are in accordance with ex- 
pectations, although figure 11 (Fig. 3 G) is from a 75-year-old woman 
and figure 10 from an 81-year-old man. The latter shows a tolerable dis- 
crepancy of some 12 degrees. In Master’s figure 13 (Fig. 3 D) there is 
some uncertainty regarding the anatomic axis. If it is taken as about 




plus 33 degrees, then the discrepancy between the actual and the ex- 
pected G is about 10 degrees. Figure 13 (Fig. 4 A), from the same sub- 
ject on deep inspiration, gives a practically perfect fit. Figures 14, A, 
B, and G, from one subject, show discrepancies of not over 9 degrees or 
10 degrees; in other words, the agreement is good. Figure 25 A is from 
a 73-yeai*-old man whose electrocardiogram shows moderate counterclock- 
wise rotation. II is about plus 42 degrees; Aqus, plus 20 degrees; and 
6 is plus 44 degrees. The magnitude, Aqi-s, is a little below average. 
Here the discrepancy is about 12 degrees. Figure 15 B is from the same 
subject during deep inspiration. The electrocardiogram picture oi 
counterclockwise rotation is less pronounced. The anatomic axis ap- 
peal’s to be about the same as before. But A y us has rotated to plus 54 
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deureo.s and ('t In plus l>4 dcmves. Tin- mntiniludc. A.jr.-s. lias decreased. 
To obtain a fit between tlu> model and Ayes \v<- must rotate tim inodei 
slightly clockwise, opposite to the direction shown by the elect roeardio 
"ram. And ft by the model is about plus 4s decrees, .mains! the elec* 
trocurdhuiram measurement of plus (>4 decrees, ( tnh linger experience 
will show whether these two discrepancies are within the normal limits. 



FiK. o, t» /?, C, until /> ;\r>\ Kiv * ly. fr«»m " ]*«. 11, arnl 1" 

Uivijl. 


’riieoretieally. both chanties eon hi result from an old anterior lesion, but 
the riuhtward deviation of <i may indicate emphysema, instead. The 
lesser counterclockwise rotation on inspiration could rotate an anterior 
lesion so that it would affect the limb leads. It is interest imr to note 
that, in Ibis ease, deep respiration was required to reveal the possible 
abnormality. 

Masters flume Hi A { Fiu. 4 It i. in which the eJeetr<>cardioi;ram is 
interpreted as showins sliuht clockwise rotation, and Hi 11 f Fiu. 4 ('> 
(deep inspiration) show no discrepancies. Fi"Ur<s 17 A and 11, from The 
same subject, show very slitihf clockwise rotation, as v.e inn-rpr, t them. 
The small Ayns. as noted above, tends to exaimerutc errors. Tie- ana- 
tomic axis in future 17 .1 is plus !>4 decrees; A„ !; s. plus 74 dcur.es : and 
0. plus .'1!* de"rvos. The wide anule b.-uvrcn and »*; is maiidv due 
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to the effect of “foreshortening,” and G is very close to its expected 
position. In figure 17 B, in the sitting position, the Ii and Aq RS have 
changed little. 6, however, has shifted to plus 19 degrees from plus 39 
degrees. This phenomenon is not abnormal, however, as our previous 
papers stated. On changing the position from recumbent to sitting, and 
particularly to standing, the gradient usually shifts to the left, and evi- 
dently it may shift to the left of H, while Aq RS remains on the right, as 






Fig:. >i. — A, B, G, and D are, respectively, from figures IS B, IS A, 16 B, and IS A of 

Master’s book. 


in this case. The three axes cannot now lie in the same plane. Tenta- 
tively we ascribe this effect of posture, in part, at least, to a greater 
change in the systolic position of the heart than occurs in the recumbent 
position. Figure 18 A (Fig. 4 D) shows a definite counterclockwise 
rotation, and the gradient is about 13 degrees farther to the left than 
expected. But here both a sitting position and the rapid heart may 
combine to produce this effect, which is normal under the circumstances. 

e have not attempted to measure figures 18 B and C and 20 B and G, 
which were taken in the lateral recumbent positions; and we also omit 
the abnormal records of fixed mediastinum shown in figures 19 A, B, 
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ami ('. Fieure 20 A (Fitr. b A.) shows a discrepancy of about !( decrees. 
11 is plus 23 decrees-. A, ms. plus 2b decrees; and ft. plus 38 decrees. ft 
should ii<: at about plus 20 (loams. There is a sliaht counterclockwise 
rotation, since S. is larcer than S ; . a small Q, is present, there is no Q.. 
and the peak of IF is earlier than the apex of IF. The net area. Ayus. 
is exceptionally small. Future 21 (Fic. 5 II) shows cood agreement. 



Kis# .*>. — *1. />* f ifl l) ;»r*\ Jl v:mv j«« .1. ’JJ. .-uni Mu^t<‘r*s hurth. 

(’ Js frum lluui** 'ZZ “f th* 1 fir*: «»*lili<»n <>f hi* 

Fieure 22 illustrates the derivation of the electrical axis. Figures 23 H 
and 2-1 are in «*ood accord with expectations. < hir Fitr. b C is fieure 22 
of the lirst edition of blaster’s book : it was a vertical heart, with slight to 
moderate counterclockwise rotation, in a lb-year-old hoy. and the calcu- 
lated (I lies within 2 decrees of the actual one. In fieure 2b. the minute 
rate of 1 lb. and possibly a sitting position, will account for the deviatiou 
of 17 derives to the left of tie* expected <; position. Here, with verv 
little clockwise rotation. < <’ attd II .are clow focetker, Fieutv 2b' /» is 
particularly noteworthy. This ohm- subject, whose anatomic axis is 
plus 2t> deum-s. has an A,ji:s at minus 41 decrees and a f« at plus 1 de- 
cree. Vet the aen clie nt is exe<!!«-nl. the calculated ft brine tdus 2 
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degrees. Figure 27 (Fig. 5 D) agrees with the model: H, plus 30 de- 
grees; G, plus 11 degrees; Aq rs , minus 10 degrees: There is, of course, 
counterclockwise rotation in the electrocardiogram. Figure 28 A shows 
all the axes lying within a few degrees of each other, the rotation ap- 
parently varying very slightly from clockwise to counterclockwise with 
respiration. Figures 29, A, B, and C are from a patient who was six 
months pregnant. The electrocardiogram shows slight counterclockwise 
rotation about H, which practically disappears on deep inspiration. 
Agreement with the model is good. It is particularly interesting that in 
figure 29 B, as in 28 A, when there is little rotation, the axes all lie 
within a few degrees of each other, as they should. It is also noteworthy 
that figure 31, from a case of arterial hypertension,' shows almost the 
normal relations of the axes : H, plus 35 degrees ; G, plus 5 degrees ; and 
Aq R s, minus 24 degrees. Figure 32, a more advanced case, with angina 
pectoris, shows : H, plus 25 degrees ; G, plus 66 degrees ; A QRS , 0 degrees. 
The model will not fit this combination of axes, but it should be noted 
here that when the QRS complex becomes enlarged, or abnormal, the 
relations we describe can no longer hold. It may also be noted that some 
of the less advanced cases of valvular disease fit the model as well as do 
normal subjects. 

In recapitulation, not one of the series of normal subjects from 
Master ’s book displayed any discrepancy which was not well within the 

Table II 


SUB- 

JECT 

NO. 

SEX 

HEART 

RATE 

AREA 

Aqrs 

ROTA- 

TION 

(ECG) 

If Aq«S 

(be- (de- 

grees) GREES) 

ACTUAL 

G 

(DE- 

GREES 

DISCREPANCY, 
CALCU- TO RIGHT OR 
DATED G LEFT OF CALCU- 
(DE- LATED 

GREES) (DEGREES) 

1 

M 

60 

4.60 

c3 

+31 

+71 

+50 

+50 

0 

9 

M 

75 

4.25 

c4 

+34 

+90 

+61 

+53 

9 K 

o 

M 

70 

1.35 

ccl 

+36 

+30 

+30 

+33 

3 L 

4 

F 

■84 

6.00 

c3 

+41 

+86 

+55 

+64 

9 L 

5 

F 

72 

97 

5.30 

c2 

+49 

+68 

+46 

+57 

11 L 

<; 

M 

6.10 

cl 

+34 

+61 

+44 

+50 

6 L 

7 

F 

118 

6.20 

CO 

+51 

+90 

+74 

+71 

3 J? 

s 

M 

114 

-1.00 

cl 

+50 

-77 

+56 

+49? 

7 B 

9 

F 

120 

4.10 

c2 

+44 

+S2 

+46 

+60 

14 L 

in 

F 

63 

9.05 

e3 

+30 

+74 

+5S 

+61 

3 

li 

M 

75 

5.10 

cel 

+33 

+32 

+25 

+32 

7 L 

12 

M 

110 

-3.50 

cl? 

+52 

-107 

+51 

+40? 

11 It 

13 

M 

86 

S.55 

c3 

+30 

+5S 

+40 

+49 

9 L 

14 

M 

120 

8.30 

c4 

+42 

+114 

+S6 

-f-So 

1 B 

15 

M 

90 

0.85 

0 

+36 

+43 

+20 

+37 

17 L 

16 

M 

7S 

6.60 

c3 

+42 

+69 

+49 

+57 

8 L 

17 

]\I 

90 

4.70 

c3 

+42 

+93 

+70 

+65 

5 1? 

18 


100 

21.001 


+44 

+77 

+67 

- 



*For significance of the symbols, see Table I- 

fThis subject had a AVolfe-Parkinson -White syndrome, with aigh, wide. R 
Therefore, the QRS axis is not comparable with the normal complexes The g * 
indicates a clockwise rotation, which is what would be expected from his hjp - 
build. . 

Cardiac silhouette and electrocardiogram were obtained in the same position 
all subjects. 
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limits of norma] variation, as previously reported. In one vase (Fig- 
ure 35), indeed, deviations from the normal were noted, hnt the patient 
was well advanced in years. 

In Fit's. G to 9. we show the cardiac silhouettes and axes of sixteen 
persons from our own series of normal subjects. One case, which we 
have omitted, to save journal space devoted to figures, is an average, 
typical ease in which there is excellent agreement between expectations 




lit:, fu — A . /*, anti /> rtr»-. i**- » * 1? . from r.«* ntr* **t ••ur S 3, Z. 

.**?>»! i t.f n. 


and predictions. The otlier was a ease of the Wolfe-Parkinson-Whi' 1, 
syndrome, with areally enlarged <)KS complexes. In this the heart 
was vertical and 0 was at plus Go deatves. The orthodiaarams or rnept- 
aeuoarnms and the electrocardiograms wer>- talon \vitt< the •.uhji-et in the 
sittina or standina position, as Mated in the fiats rv caption-,. Since ;h<- 
subjects were seated ur standina. it is to be expected, as ivpt>ri* d in <e.ir 
tit's! paper, that the aradhnts will often lie farther t . > the 1 «-f? than iti 
recumbent subjects. In ord-r to save space, the result s of this s tudy me 
aiven in Table II. I 
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Tliese data require comment. It will be observed that, in six 
cases, the agreement between G, as ascertained from the electrocardio- 
gram, and as estimated by means of the model, is within 5 decrees and 
this is true of our first omitted case. Of the remaining eleven cases, ei'chl 



Fig-. 7. — A, B, C, and D are from roentgenograms of our Subjects 5, 6, 7, and S, re- 
spectively, of Table II. 


show a deviation of Gt to the left of its expected direction. This is the 
more usual effect of the sitting or standing' posture. In three cases, the 
gradient lay more than 5 degrees to the right of its expected position, hut. 
only Case 12 shows a discrepancy of more than 10 degrees. This was an 
example of a dropped heart, Sa qrs apparently pointing backward and 
upward. • This subject, a medical student, had a clear history of 
bronchial asthma in childhood, and although the discrepancy is only 
about 11 degrees, it is evident that further study of such cases is re- 
quired. Master’s cases of emphysema show an apparently abnormal 
deviation of G to the right. 

Since the hearts of persons with a small Aq RS cannot he strongly 
rotated, the anatomic axis, II, and & should not be widely separated, ex- 
cept that, as explained, & may sometimes lie even 30 degrees to the left 



ashman rrr Ah. : 
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of its expected position when the subject stands, or oven sits up. Note 
how this close correspondence of H and U in the non rot a ted lieart holds 
oood for Master's eases 17 A and // and ‘2ft .!. and our subjects 8, and 
12. It may he noted that, as expected, most of the apparently more 
strongly rotated hearts do not show this close relationship between the 
anatomic axis and ft. 



5*. — ,1 ntu! /* are from fh«* i «>• **f «*ur ^ * J* ? jtfj*! ! ,f . * Uv< ly, 

<«f 11. C /; ;tr»* it^ru **f «»» r 15 5 «\ 

Case 2 is noteworthy, since it shows that one of tin- more “transverse’* 
hearts in otuv-troup has slight rich' axis deviation. A y u« heint! phis, !K * 
decrees. Rui\his heart is apparently rotated stromrly in a clockwise 
direction ahoiit \l. as shown by a deep S, and a distinct, nlthonyh not 
deep. Q.. Thejvysas no (}. or S.. In Case ft. ? ?;•• clockwise rotation at 
Jirst seemed questionable. }ty const rue* ion from the eh •■tiv.e.ijdioi'jam 
of the veetoreardioirram of Wilson and .bdmstond it was easy to demon- 
strate a distinct clockwise rotation whieli uuty he describ'd as moderate. 
When it becomes possible to ascertain the rotation by tin- veepuvardio- 
tirnni. to assc.ss more neeurately the effect of rotation about a ttansver 
axis, and !<> ascertain the niuitnitud'-s. A,,,., and <>. with treater pr> • 
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C1S10I1, it is not impossible that the normal ranges of deviation between 
the axes will be found to be less than the methods available to ns now 

irwlinotn ' 





Pig. 9. — A, B, C, and D are from orthodiagrams of our Subjects 13, 14, 16, and 15, 

respectively, of Table II. 

On the whole, however, the series is satisfactory, although the dis- 
crepancies are a little greater than in. the series from Master’s book. 
With the questionable exception of Subject 12, all fall easily within the 
ranges for normal subjects we have published previously. This study 
emphasizes the point that the electrocardiogram which is taken with the 
subject in the standing or sitting position may be less trustworthy than 
the one taken when the subject is recumbent. In a later paper wc in- 
tend to publish a series of electrocardiograms, which had been in- 
terpreted as within normal limits by one of us, but which fall outside 
the usual range as shown by this study. 

In reviewing all the normal cases of Tables I and II, it may be of in- 
terest to compare the anatomic axes and the gradients of the counter- 
clockwise and clockwise rotated hearts. As shown by the electrocardio- 
gram, fifteen hearts were rotated counterclockwise about IT. The aver- 
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anatomic axis is at phis 3a degrees. the average gradient is at plus 
1-S degrees, and the average Ar^-s axis is phis 4 decrees, There arc 
! wenty-niw clockwise rotated hearts, excluding tin- younger children. 
The a vera ire if is at plus 42 degrees. the average <; is at plus a 7 degrees, 
and the average A.^s is a? plus 74 degrees. -Although the anatomic axis 
of the latter group is only 7 degrees to tin* right of the former, the 
gradient is 3P degrees to the right, and Anas. 70 degrees to the right. 
These average differences may tend to emphasize the contrast between 
the two groups, and to show how definitely rotation affects the direction 
of tile gradient, and also how extreme is its effect on A<u:«- There 
can he little doubt that lack of appreciation of these effects, and the 
apparent, although not real, discrepancy between anatomic position and 
the mean QRS axis have been a strong influence in the present tendency 
to deny the validity of the Einthovcn triangle method of ascertaining 
the directions of the vectors. Although the fact that rotations of the 
heart about its logit udinal axis affect the electrocardiogram has long 
been known, the extent of its effects has not been generally appreciated, 
nor has the effect of rotation of the heart about its transverse axis been 
generally recognized. 

f>. The Position of the Gradient (in Three-Dimensional Spine ) 'With 
Uefmnre to the Vnifrinihir Chambers. — If we think of Sf». the ven- 
tricular gradient oriented in three-dimensional space, as a vector longer 
than the ventricles, and pointing from its electrically negative to its 
positive polo, we can visualize it as entering the ventricles near the mar- 
gin of the right ventricular basal border, just below and to the right 
of the root of the pulmonary conus. It would then pass through the 
right ventricular chamber, and through the septum not far from its 
basal margin; thence it extends through the chamber of the left ven- 
tricle to emerge from that ventricle near the anatomic center of its five 
wall. In contrast, the QRX axis would seem to enter the ventricles a 
little toward the apex from the center of tin- five right ventricular wall, 
and to emerge at a point slightly toward the base from the center of the 
free wall of the left ventricle. Of course, the plane in which each veepu 
lies may be in front of. or behind, above or below, the mte indicated, 
although it seems probable that the vectors will pass through the heart 
not far from the center of tin- muscle mass. In supper! of the suggested 
three-dimensional orientation is the configuration of the QKS.T com- 
plexes observed in pwcordial leads ( Deeds and Hanses,,’ Typically, 
in adults under resting conditions, the QKS complex. a- r.-eotded from 
the anterior surface of the right veiitricb, no? far from the .apex, con- 
sists of a narrow, usually rather low, U wave, and a d'-ep, numb wider. 
S wave. The S.\ 4} , ;< is evidently pointing a way from ibis thoracic point, 
and this remains true when the area of tin- h <-<.tre.-pd for tie- 

potential change of the ” indifferent " galvanometer e.in'a-t. The 
complex in tin- anterior axillary or midaxillary lead. **ti tie- other h.-.mi. 
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shows that the mean QRS axis points toward those thoracic regions. In 
contrast with the mean QRS area, is the area, QRS-T, after correction 
is made tor the potential change at the other galvanometer electrode. 
At the same point over the right ventricle, the net area is positive, and 
this is likewise true at CF n and OF,.. In adults, therefore, all of these 
points arc usually in the positive field of SG. When the chest electrode 
is moved upward, or toward the right, however, to about the basal mar- 
gin of the right ventricle, the net QRS-T area is negative. In the right 
axilla, and over the right scapula, for example, the area is strongly nega- 
tive. This comparison of QRS and QRS-T strongly supports the con- 
clusions drawn from a study of the limb lead electrocardiogram. The 
reason for the direction of SAqr S is given in the paper by Gardberg 
and Ashman. 4 The reason for the different direction of SG must await 
an explanation of the physiologic or physical factors responsible for the 
production of the gradient. After sufficient digitalis administration, 
which may eliminate the gradient, the net QRS-T areas may become zero 
in both preeordial and limb leads. 

There is no need to conclude, from the foregoing facts, that the right 
ventricle makes any important contribution to the ventricular gradient, 
although that is possible. A contribution appears to be made either by 
the interventricular septum or by the right ventricle, or by both, how- 
ever. We suspect the septum is the more important under usual con- 
ditions. 

6. The Probable Error in Vector Direction . — One gains the impres- 
sion from a comparison of such contrasting records as numbers 5, 6, 7, 
12, and 23 B from Master's series, on the one hand, and his numbers 
9, 10, and, especially, 26 B and 7S, on the other hand, that the directions 
of the vectors as indicated by the electrocardiogram are substantially 
correct. This agrees with the conclusion of Wilson and Johnston, 7 and 
of Gardberg and Ashman. 4 Yet there is one conclusion we have drawn 
from our data, consideration of which counsels caution. This is the 
conclusion that the SAqrs may point not only straight backward, but 
even backward and upward. With the data at our disposal, it is quite 
impossible to decide whether, as in our Case 8, from a perfectly noimal 
male with no history or indication of either cardiac or pulmonary dis- 
ease, the apparent direction of SAqrs is the true one. In attempting to 
explain the direction of the vector, several possibilities suggest them- 
selves. 

a. The apparent upward and backward direction may be the true one, 
and be due to an unusually early activation of the anterior Avail of 
both right and left ventricles, as in one of Harris’ monkeys. Alterna- 
tively, an unusually large, upAvardly and forwardly directed component 
from the pulmonary conus may produce the same effect, athough this 
seems unlikely. 
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1). Tin* apparent direction may not lie- the i rue one. It may be sup- 
posed (lia». particularly fur vertically placed hearts, transversely ori- 
ented vectors may have less effect on the elec) rueardio<rt-am tiian longi- 
tudinally oriented ones for reasons which are under discussion and 
not understood. If, for example, tin* R-wave vectors point rela- 
tively transversely, they may lie reduced in magnitude. If. at the 
same time, the S vectors point nearly vertically upward, parallel to the 
mediastinum, they may he little affected. The effect would necessarily 
he to cause an apparent upward and backward deviation of SAqiis. So 
far as we can tell at tin's lime, a dubious effect of this sort may often 
cause an apparent backward deviation of the vectors, both KA^as and SO : 
but only much further work, with adequate oblique and lateral views of 
tiie heart, will make possible an answer to this question. Whatever the 
ultimate answer may be for the normal thorax, we can at this time state 
that in pulmonary emphysema, if the heart is relatively vertical, there 
is often an apparent reduction in the transverse electrical components 
of the vectors, with a consequent lcssenimr of the estimated spatial untile 
between SA^cs and 0. 


St'MMAKY AN1> roXCt.rsiONS 

This study has indicated that : 

1. The spatial nm.de sopnmtim; the mean spatial QUS axis (SA y ns) 
and the ventricular uradient (SO) is approximately 20 decrees. 

2. The ancle between SA.^-s and the lon"itudinal anatomic axis (11 > 
is about 90 decrees. 

!1. The nm.de between 11 and SO is about fit) decrees. 

4. When the normal subject is supine, these axes appear to lie very 
nearly in the same plane; but when the subject stands or even sits up, 
0 often shows an apparent counterclockwise rotation about an antero- 
posterior axis, that is, it seems to deviate to the left. It may aKo devi- 
ate about a transverse axis, but we have no present evidence of this. 

f». When the heart is definitely rotated counterclockwise on its lone 
axis, both A y i ts and 0 lie to the left of the anatomic axis, but fi lies to 
the riiiht of A 0 ,ss. When the heart is definitely rotated clockwise, both 
A y ,. s and Ci lie to the rivdit of H. but f! points to the left of Ao^v 
(Kim 1). 

(i. In normal subjects in the supine position, the observed U should 
probably not deviate by more than plus-minus lb decrees from the di- 
rection predicted from the type of rotation, the directions of A,j !; * and 
11. and the maynitmle. 

7. In normal subjects, in the sit tins or standimr position. U inav devi- 
ate as much us 2b or 20 decrees to the left from its predicted direction 
(tb.nt is, it may be rotated that much counterclockwise almut an antero- 
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posterior axis), and tachycardia may possibly also cause similar devia- 
tion on occasion. On the other hand, in this position, Q should not 
deviate more than 15 degrees to the right of its predicted direction. 

S. When the net manifest area of QRS is small, and either positive or 
negative, the criteria indicated above must be applied with caution. In 
such cases, <4 normally seems to lie within less than 10 degrees of II 
in the recumbent subject. 

9. The average magnitude in men of the mean spatial QRS vector 
(SAqr S ) is nearly II units (1 unit = 4 microvolt-seconds). It is prob- 
ably slightly smaller in women, and it is presumably still smaller in in- 
fants and young children. (A later, mathematical calculation, made 
after this paper was written, indicates a true SAqus of very nearly 11.5 
units in adult males.) 

10. The directions of SAqrs and S<4 are estimated in relation to the 
muscle masses of the ventricles. 

It should be pointed out that our proposed limits are tentative. Much 
more work must be done before the limits can be fixed with precision 
for all types of subjects. 

Excepting the cases of emphysematous or deformed thoraxes, or of 
the presence near the heart of air, fluid, or consolidations, we believe that 
the directions of the electrical axes, as projected on the frontal plane, 
are correct, probably within plus-minus 10 degrees in most cases. In 
this we agree with Wilson and Johnston. 7 It is suggested that, in some 
instances, extreme rotation of SAqrk backward may be due to unusually 
early depolarization of the anterior ventricular walls, as in one of two 
monkeys studied by A. S. Harris; 3 and in other instances, pulmonary 
changes, perhaps even subclinieal in degree, may produce a similar 
effect. 

We are indebted to Dr. James L. Gouaux for drawing the orthodiagranis on eight 
of our eighteen subjects, and to Mr. W. B. Stewart and Mrs. Harriet Oregon 
Lawrence for preparation of the figures. 
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Dkviations or Tin: R^-T Skumknt 

Rick Also Ashman. Ph.1L 
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D EVIATIONS of l!ii* RS-'|' scymcnt. so called, arc produced usually 
liy line of i aw* wholly distinct mechanisms. (Inn type of deviation 
or displacement is a normal physiologic phenomenon, related In the rela- 
tive mnynit tides of the manifest mean area of the <^RS complex ami of 
the ventricular yrndient. ami produced by repolarizaf ion of the muscle. 
The second type of deviation is never a normal phenomenon under the 
conditions obtainin': in the human heart, and is related either to abate- 
ment. or reversal in the direetion of flow, of a current of injury, or to 
intramuscular hlm-lciny of the wave of excitation, or to a combination of 
both factors.’ Examples of this second type are usually observable in 
the elect roeardioirram of recent myocardial infarction or of acute peri- 
carditis. It is as yet uncertain whether the segment displacements re. 
yarded as characteristic of coronary disease, when induced in the patient 
by anoxia or exercise, should he classified in one or the other or in both 
categories. or whether it may not ultimately be necessary to include a 
third mechanism. This will he considered in the discussion. In any 
event, it is clear that no aspect of electrocardiographic interpretation is 
in irrentcr need of sound theoretical analysis than the chanties just men- 
tioned. It is the purpose of this paper to analyze the first category of 
RS-T scyment shifts. Not only is this a matter of urea* practical im- 
portance in itself, hut. also, it is only in the liyht of such analyses that 
trustworthy interpretation of seyment ehanyes in yemral will become 
possible, 

Thuon tiail f'tnisiih rat inns . — One school of Herman eardiolnyists has 
attempted to explain the human elect m-nrdinyram in each lead as the 
sum of two oppositely oriented monophase- action currents. 1 II off. 
Nahum, and their collaborators*- ‘ have recently made a similar effort. 
Aeeordiny to the latter authors, one monopha'-iv curve represents the 
electrical activity of one ventricle, tin- other, that of the oilier ventricle, 
and the two summate to «ive the “bicardtoyrnm.'' Ouite aside fr»»m 
other objections to their view, it was pointed out that tin- interpretation 
of the elect roeardio” ram in this fashion is a serious- oversimplification 'if 
the total situation.’ Hut it was also stated that, as an approach to certain 

\h*' I V;>. Tit i>f -:>iriTtrM r?':*** J'f.!vrr»dv r-f 3T J i ‘ 

.-.tit! (h* t }.i* *iy S'*- 1^- . 
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problems, the method has advantages. If used with full realization of 
its limitations, it affords the most easily understood approach to the 
problem of RS-T segment deviations of the physiologic type. 

Mechanism of Production of RS-T Segment Deviation . — In Pig. 1, two 
monophasic curves are illustrated. The two are summed algebraically 
to yield the diphasic curve, consisting of the upright R wave and the 
downwardly directed T wave. 0 To take a specific example of what the 
figure may represent, let us imagine that the diphasic curve is one re- 
corded in a preeordial lead from opposite the wall of the left ventricle. 
Then, disregarding the right ventricle and septum, the upper mono- 
phasic curve would represent, very diagrammatically, of course, the time 
course of depolarization (upstroke of curve) and repolarization (down- 
stroke of curve) of the endocardial surface of the muscular wall of the 
left ventricle. Since the depolarization does, not involve this whole 
surface simultaneously, the upstroke of the curve is represented as not 
being very steep. The louver monophasic curve similarly represents the 
time course of depolarization and repolarization of the epicardial muscle 
surface. Its electrical effects are opposed to those of the endocardial 
surface, and, therefore, the direction of the curve is opposite. The lower 
curve begins later than the upper curve because the epicardial surface 
is activated later than the endocardial. 



Fig. 1A. — As explained in the text, the two monophasic curves s of ^ ““ e b y° the 

one upright and one inverted, summate to give the diphasic curve sno ppper 

heavier line. Since repolarization of the muscle surface lesponsible foi t e J PP (jr 
monophasic curve has begun before the downstroke (depolarization) if ^ jg 
curve is complete, the RS-T segment is deviated downward, or h; thp rs-T 

an example of what is called a "repolarization or regression deviation or uic xv^ 
segment in this paper, In this illustration, the heart rate is low. 
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TIk* form of the | ns rt of each curve representing repolarizntion was 
experimentally ascertained/ 11 is a simple logarithmic curve {or very 
nearly sto. Knowledge of iis form and llie effect of Use heart rale 
upon it enable us to draw all the curves consistently. Actually, since 
the activation of neither muscle surface is everywhere simultaneous, 
the repnhi fixation will he rather slower than as indicated. particularly 
at the end of the lnonoplmsie curve. 

In drawimr Fig. 1. it was assumed that the time course of depolariza- 
tion and repolarization of the two muscle surfaces was precisely the 
same. As a matter of fact, in digitalized hearts, such a condition is ap- 
proximated. Inspection of the diphasic curve shows a moderate tUprrx- 
sum of the RS-T segment. The mechanism of production of this de- 
pression is very clear. lb-polarization of the subendocardial surface has 
none forward before depolarization of the epieardial muscle surface is 
complete. This is the explanation of RS-T segment deviations of the 
first type, although the question as to which surfaces are actually in- 
volved is still open. In the author’s opinion, this interpretation is no 
longer open to serious doubt/ 
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Obviously, if the initial deth-eiion. R. had been direct' d downward, the 
segment deviation would have be n upward, that is. ih«* s.-gmeru would 
have been tUvitird. TJiej-eforc. segment deviations produced in this 
manner (associated, as we shall see, with a reduction in th<- magnitude 
of the gradient > are always opposed in ducetion to the chief initial <]'•- 
tied ion, R or S. The situation when R and S ar- « qua! is considered 
in-low. 


iff, ft nf .if nil xi. II,, ttt Uni, 
mental work it was shown tha 
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monopliasic curve has a swifter descent initially; the form is close to 
that shown in Fig. IB. Its total duration is. of course, decreased. 5 In 
this curve, we assume that the time required for fall excitation of 
the surfaces, and for penetration of the ventricular wall by the impulse 
is the same as in Fig. 14. It will be observed that the RS-T segment 
depression is much more pronounced after cardiac acceleration. The 
T wave has become deeper. Yet, as Wilson, et al., 9 have emphasized, the 
area of R above the line is still equal to the area RS-T and T below 
the isoelectric or base line. (Since the beating heart moves with refer- 
ence to the galvanometer leads between the inscription of R and T, 
this very precise equality would not necessarily he noted, even if one 
could fully eliminate the ventricular gradient.) 



Fist. 1 C. — 1 he height 


the R wave is the same as in Fig. IB, hut its width is 


o- i ip h wave 35 xne saius <*5- ^ A „ . . .. 

much less and its area is accordingly much reduced. that - j 

is only about one third as great as in Fig. IB, although the rate of repolamation 1- 
the same. 


Effect of Reducing the Size of the R 11 ore . — The effect of reducing 
the width, and. therefore, the area, of the R wave upon the RS-T shift 
and the T wave is illustrated in Fig. 1 C. which should he compared 
with Fig. 2. In these latter figures, a heart rate intermediate between the 
other two is assumed. Since in Fig. 1C the ax*ea of R abot e the line is equal 
to the area of T (including the RS-T deviation) below the base line, re- 
ducing the area of R automatically decreases the area of T. And, of 
course, increasing R. as in Lead I in left bundle branch block, auto- 
matically increases the area of T. (Y e here neglect ihe i emrieular 
gradient.) 

The RS-T Segment When the Initial Defection is Diphasic .— In Fig. 
ID. we may imagine that the preeordial lead wire is moved to a position 
which gives an R and an S wave that are precisely equal in area. The 
R is produced by a wall nearer the electrode: the S is caused bj the 
wave of excitation moving away from the chest lead contact into vails 
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more remote from tin* chest surface. The lower, inverted RS-T and T 
arc as in Fiir. 1.1, and correspond Jo tin* K of that fimuv. The upper, 
uprieht RS-T and T would follow an equally large S. In this future. R 
anil S partly combine, so that the area of cadi is reduced. By summa- 
tion, the RS-T segment and diphasic T wave shown by the solid line 
would follow tiie diphasic initial deflection. R and S. Since flu- lower 
curve betrins before ‘lie upper one. the suimnated curve will show- very 
slight depression of RS-T. This slight depression may sometimes he 
large enough to he observed in the human record, as after full or ex- 
eessivc digitalization, with abolition of (lie grndioiil. 



Kir. Th* s mhlfllr rwrv#' tijr form of th»* ItS*T T v. ;i v» 

!{ «n«! S vs rt v «v of m;**- t\x*- i»r* nt. 

Th r K fit cl of lh< (!r<i/lir ul I' poii Ih'- /i’S-7’ Sfiimutt.— With the ex* 
ception of some digitalized hearts, one rarely observes a human heart 
which does not possess a ventrinilar gradient. Tin- gradient was detlm-d 
and experimentally demonstrated by Wilson «nd Siis eouorhers,’ • '* and 
has been studied in the previous papers of this -.cries."- Although it 
was suggested that the pres<-ni*e of the gradient results from different 
time courses of repnlurization of different cardiac surface-, or regions, 
this is not the only conceivable explanation, although it s.-rins to be 
the most probable one. in view of our inn ora nee regarding the cause 
of the gradient, in Fie. 2, A. a quantity representin'.* the gradient is not 
added by changing the duration of the two monophr.sie curves, ns might 
be done. Instead, following the R wave, a T wave of approximately 
normal form and sire is arbitrarily drawn in. If we tala- {ids ventricular 
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complex, R nml T, to bo from one limb load, then the electrical efi'ect of 
the gradient, as projected upon the line of the lead, will he equal to 
the area between the lower ltS-T and T curve, and the upper T curve 
that is, to area T' plus area T, as shown. Since the area T' (the inverted 
equals the area R, then, by substitution, we see that area R plus area 
1 (the upright 1 ) equals the projected area or value of the gradient. 
Similarly, the area can be measured in another limb lead, and, from the 
two lead values, the direction and manifest magnitude of the ventricular 
gradient, as projected on the frontal plane, can be ascertained, as our 
previous papers explained. *- 



Fig. 2. — A, The lower KS-T resilient nml T wave are those produced when the 
heart rate Is intermediate between the rates of Figs. 1A and 1 IS. A T wave of ap- 
proxlmatclv normal form is drawn in arbitrarily. As explained in the text, curve \ B 
of this figure is the electrical effect of the ventricular gradient as projected on the 
lead line. It Is derived by plotting the vertical distances between the lower ana 
upper KS-T segments nml T waves. The dotted lines represent the effect of reducing 
the magnitude of the "gradient” by (a) 2i> per cent; (I>) iiO per cent; and (c) <o 
per cent. Note how those reductions influence the deviation of the RS-T segment, and 
liow tlie gradient may "elevate” the segment. The “gradient" corresponding to 
the middle dotted line in A Is shown by tlie dotted line in IS. 


If, fit each instant in time, one measures the vertical distance between 
the profile lines of T' and T, and plots them as in Fig. 2, B, it is evident 
that the curve of Fig. 2, 71, shows the temporal development and magni- 
tude of the potential differences from whose sum in two limb leads the 
ventricular gradient can be found. The curve lias the appearance of an 
isolated, and, in this case, rather high, T wave. 

It. should be clear from our discussion, so far, that if R and S were 
negligibly small, and the T wave were relatively very large in a normal 
human heart, tlie T wave would give directly the form and magnitude 
of the ventricular gradient as projected on the line of the lead. But 
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such elect roc.-iiflinirramx from normal subjects. are difiieult to find, al- 
though they may lie closely appioximated. The form shown in Kim 2. 11, 
is close to that which is observed. liefor** the QRf> complex is completed, 
the gradient has already hctrmi to develop, and its rise opposes the de- 
pression of the RS-T seoineni. Dependin': upon eomlitions. the gradient 
may overlialauee the 1JS-T depression, so that an actual elevation of 
the scejncnt appears, as shown in Kim 2. A: it may simply fully offset 
the depression: or it may fail to compensate for the depression, and some 
depression appears. 

Th» Kff*rt of ('httwjt s in (Irmlintt May nit uA< I '/ton tin 1,‘S-T S< y- 
mnd. — Also in Km. *2. .1, are shown (dotted lines) the effect of reducin'-’ 
the gradient amplitude (a.) by 25 percent: ( !» > by fid percent: and (ei 
by 7o ]>er cent. The form of the irradient is assumed to he unaffected. 
The QRS (R) remains essentially unehaiured. except to the sliylit ex- 
tent that the heuinnint' of the development of the gradient potential 
difference affects it. It will lie s<en tliat the f»0 per cent reduction 
produced a notch in the T wave (middle dotted line in Kim 2. A ), Re- 
markably ennui'll, such a notch is not at all uncommon, especially in tie- 
preeordial lead, althomrh it is usually not so sharp, probably because of 
the temporal dispersion of the potential chances in different muons. 
However, equal irradient reductions may occur without notehiiur, and 
notehine, of course, may possibly occur without reduction in irradient 
magnitude. It is likely that the time relations between T' and '1' differ 
from heart to heart. This is somethin" which can. at present, lie only in- 
ferred. It is interestin': that in thyrotoxicosis, which will produce a 
sharper T' ( Kiir. 2. .1 ). notehiiur of the T wave is not uncommon. In this 
connect ion. it should he noted that forms of the T shown in Kiir. 2, A, 
should he looked for only in leads which show a fairly knee K (or Si 
wave, with the oilier wave. S (or R>, absent or small. Dthorwjso the situ- 


ation is complicated, as Kiir. ID shows. )j is evident that an analysis of 
the 1' wave ulntur these lines necessitates careful examination of thou- 
sands of elect roeardiocrams and a careful consideration of factors which 
are not relevant to the present paper, together with a more thojouirh 
analysis than is here required. 

It shonhl he emphasized airain that our diagrams are oversimplified, 
in contrast to the conditions obtaining in the wh"b‘ human hear!. Tim 
analysis applies primarily to those leads which possess <• QRS complex 


whieli is tnainlv unidirectional, but it may aho b.- applb d nn»re treii- 


erallv to the three leads of any elect roeardioirrum. as shown in the next 


section. 


/.Yidciice From i h • 11 wmnn KU riroforAimjra'.n.- — In a pr» vious paper 
of this series it was demonstrated that augmentation of tie- heart rate 
was associated with a dvereas-- in the- magnitude of the u :;trien«ar 
cradient." In the foreman" s-etioo- R has }>-i-n shown ’ hat an in- 
creased net area of the QRS should !«• a----«'iat‘-<! wit:; an. iner- a-- d <]<•• 
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viation of tlie RS-T segment. It was also shown that, with the net 
QRS area constant and no gradient present, slowing of the heart should 
lessen the extent of the RS-T segment shift, and vice versa. 

In order to test the correctness of these theoretical expectations, 
twenty-eight electrocardiograms showing some degree of S-T segment 
“depression” were chosen at random. By “depression” is meant a 
deviation opposite to the direction of the chief QRS deflection, as in our 
illustrations. To these twenty-eight records were added, also at ran- 
dom, nine electrocardiograms which revealed no shift, and thirteen with 
slight “elevation” of the segment, namely, a deviation in the same direc- 
tion as the direction of the chief initial QRS deflection. Various clinical 
conditions were represented, hut care was taken to exclude all records 
which might show shifts belonging in the second category, as stated in 
the introduction. Electrocardiograms showing high P waves v r ere ex- 
cluded because of the frequent difficulty in correcting a segment shift 
when the end of an auricular T is superposed. The total number of 
electrocardiograms studied was fifty. Although small* the series proved 
fully adequate -for our purpose, as the reader may judge for himself 
from Table I. 

Table I 

RS-T Segment Deviations in the Electrocardiograms of Fifty Patients 


G/Aq R3 0.9 

Aqng LARGE Aqus SMALL 

RATE RATE .RATE RATE 

HIGH LOW HIGH LOW 

-1.00 -1.20 -0.S2 -0.45 

-1.00 -0.50 -0.80 0 

-0.45 -0.40 

-0.33 
-0.25 


G/ Aqus 0-9 to 1.5 G/Aqks 1.5 


Aqus LARGE A q t; SMALL 
RATE RATE RATE RATE 
HIGH LOW HIGH LOW 

-1.00 -0.20 -1.00 -0.45 
-0.85 0 -0.55 

-0.70 -0.45 

-0.60 -0.35 

-0.35 0 

-0.30 
- 0.20 


Aqiis 

LARGE 

Aqks 

SMALL 

RATE 

KATE 

RATE 

KATE 

HIGH 

LOW 

HIGH 

LOW 


+0.80 

+0.40 

+0.55 


+0.C0 

+0.30 

+0.42 


+0.33 

0 

+0.40 


0 

0 

+0.40 



-0.10 

+0.30 



-0.22 

+0.30 


+0.10 

0 

0 

0 

0 


- 0.10 

-0.33 


Note: A minus sign means that the manifest magnitude of the dey a . 

meters (0.1 mV), is opposite to the direction of. the chief deflections of the QKb 
piex. A plus sign means that the deviation is m the same direction. 


In the case of each electrocardiogram, the manifest magnitudes of the 
net QRS areas (A QRS ) and of the ventricular gradient (G) were ascer- 
tained , 12 and the directions of Aqrs and G were also calculated. If au> 
deviation of the RS-T segments was present in the limb leads, the mani- 
fest magnitude and approximate direction of the deviation were ascei- 
tained. In this connection it should be pointed out that when, as in left 
ventricular hypertrophy and left axis deviation, RS-T is depressed in 
Lead I and elevated in Lead III, as is so frequently the case, it is wholly 
fallacious to summate the deviations in the three leads in order to esti- 
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mate the mntjiiit of {he deviations. Fur example. suppose the dcvia- 
lions are respect ively minus 1.00 mm. and plus 1.00 mm. in Lends 1 and 
III. The direction of the shift is then phis 150 deems, mid tin' mani- 
fest potential of the shift is 1.15 mm, 5 ' The nil-rent prnctiee of adding 
the magnitudes of tin- deviations in the three limb leads, without eon* 
sideration of associated faelors or of the true manifest magnitude of 
the shift, ean only lead to confusing aiid unreliable results. Keen 
though. in praetiee. the- method lias been of some value, it rouhi be made 
more valtiable if tin- problem were approached scientifically. 

Sinee a lame net QlbS area, other things being equal. prodm-i-s a large 
1?.S-T shift in the absence of a gradient, it is evident that we can not 
mala? a simple comparison of that area and the shift. To offset a lame 
HS-T depression after a lame 11. a proportionately lame gradient is re- 
quired. and. vice versa, a proportionately small gradient will offset the 
depression after a small If. For this reason, to make the analysis valid, 
the manifest area of the ventricular gradient. <!. was divided by tim 
mean manifest area of QUK or Aon*, in each ease. In Table 1 the fifty 
electrocardiograms are divided into three groups: it! one. the ratio, 
db\ W s, is below ().!); in the second, the ratio is 0.0 to 1.5; in t ho third, 
the ratio is over 1.5. {The usual ratio, at ordinary hear! rates, average*, 
slightly over 2.0.) 

Each of these groups was then subdivided into two. one with an A<>::« 
of S.O units (112.0 microvolt-seconds i, or above, tin* other below S.o 
units. The reason for this subdivision can be made ch-nr as follows: 
When the ratio, fl/Aons- t* large, no segment depression is to he expected 
in either ease. But if the ratio were 0. that is. if a gradient were ab- 
sent. then, as shown in the theoretical discussion, the segment shift will 
be lamer when A (i j-s is large than when it is small. Similarly, there- 
fore. any decrease in gradient magnitude will produce a proportion- 
ately greater depression in tin- presence of the larger A. ms value. Even 
though the number of eases is small, the figures in the table fully justify 
this subdivision, and experience also demonstrates that the largest devi- 
ations occur in the presence of large A< ;J; s areas. 

A further subdivision separated each subgroup into those in which 
the heart rate was over s5 and those with rates of S5 <ir less. This was 
necessary because, as we have seen, an increased rate produces a greater 
HS-T depression, and a relatively large gradient is. th.-refote, needed to 
offset it. 


As inspection of tin- table demonstrates, the hearts with large A< 
values, rapid rates, and smaller B. A v us ratios have, on she average. * 
greatest manifest KS-T depressions: whereas the hearts- with smaller A, 
values, slower rates, and larger «» A,,.;;- ratios show few»-{ HS-T d< pr 
siotss and the greatest number of elevations. In every detail, the 
of this study of the human electrocardiogram are it: an-ord v. ith * 
theoretical explanations w.- have give?). 


<-s- 
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The larger segment deviations were practically opposite in direction 
to the mean QRS axis. This is also in accordance with theoretical ex- 
pectation. 

It is purely a matter of chance that tire manifest magnitude of the 
L.S-T deviation did not exceed 1.2 mm. in any of our cases chosen at 
random. In rapid hearts with large QRS areas and small gradients, the 
shift may often exceed this figure. Even in quite normal hearts, under 
certain conditions, large deviations may be observed. In Fig. 6 of the 
second paper in this series, 13 from a normal student while standing, the 
manifest magnitude of the depression is about 1.5 mm., after allowance 
for an auricular T wave. The electrocardiogram from the same student, 
taken in the supine position, shows a clear depression, especially of 
RS-T ;i , which is due to the large R wave area, to a relatively small 
gradient, and to a rather large angle (as explained below) between the 
vectors, Aqrs and G. Electrocardiograms of this type are not very un- 
common. They emphasize the purely physiologic nature of this type of 
deviation. 

The Effect of the Projection of the Gradient Upon the Line of the 
Lead of the Electrocardiogram. — In the foregoing discussion, it has been 
tacitly assumed that the directions of the vectors, A Qr .s and 6, are the 
same. Actually, of course, as the earlier papers demonstrated, this is 
rarely true, yet in a majority of electrocardiograms the angle between 
the two axes is not large, and the effect of their divergence can be neg- 
lected. The following general statement of the effect of such divergence 
is probably the best. If the directions of A Q r S and G, as projected on 
the line of any of the three limb leads, are the same, the effect of G will 
be to oppose the “repolarization” RS-T deviation, and the magnitude of 
the opposition will be proportional to the magnitude of G as it is pro- 
jected on the lead line. This statement involves the assumption that the 
time course of development of the electrical forces giving rise to the 
gradient is similar in different hearts. On the other hand, if the direc- 
tions of Aqrs and G, as projected on the line of any of the leads, aie 
opposite, the effect of the gradient will be to exaggerate the “repolariza- 
tion deviation” (see discussion below), and the degree of the augmen- 
tation will be proportional to the magnitude of the projected GL Of 
course, if the direction of the gradient is at right angles to the line of 
the lead, its magnitude in that lead will be zero, and it will have no eff- 
fect. upon the “repolarization deviation.” 

Fig. 3, from a syphilitic patient with no clear evidence of heart dis- 
ease, illustrates this phenomenon. The mean QRS axis is plus 110 de- 
grees and G is at plus 57 degrees. As projected on Lead I, Aqrs points 
from the left arm to the right arm, and repolarization following the 
large S should give an “elevation” of the segment. G, as projected, 
points from the right to left arm, and here augments the “elevation’ 
due to repolarization. As projected on Lead II, Aqrs and & are in the 
same direction, and the effects balance so that no measurable segment 
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deviation appears. In Load III. attain. tin- directions are tin- satin-, as 
projected. lull << is relatively small in iiiis lead and dors not fnliv offset 
tin- •‘repolnrization deviation." and Ibr- se*>nn-nt is ** depressed." An. 
other example, with )ell axis deviation in this ease, is shown in 1 •' i , J, 
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Figs. 4 and 6 in the second paper of this series show deviations which 
are mainly due to a relatively small G/A QKS ratio. 

Segment Deviations Due to Other Causes .— As explained in the intro- 
duction, segment shifts are of two main types : (a) those associated with 
reduction in the magnitude of the ventricular gradient, and (b) those 
due to blocking of excitation waves, either in the presence or absence of 
a current of injury. The latter type has been explained most recently by 
Bayley. 1 
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fill? 

extent cannot readily in- explained as the result of a .simple reduction 
in gradient magnitude. for <1 may lie normally law. In my experience, 
curves of this sort are most frequently ohsorved in middle-aged or older 
women, and are of tin* type Seherf ami P.oyd 1- ascribe to •’ovarian de- 
fieicney.'’ fsince there is n<» heart disease in many eases, the factors 
responsible must he physiologic. Most probably this group of shifts is 
merely a variant of the physiologic type, and it can he ascribed to a slow 
initial development of the potential responsible for the gradient, or, 
otherwise stated, to a change in the time course of repolarization of the 
muscle. The two examples of “depressed" segments shown in the. 
column at the extreme right in Table 1 were from middle-aged women, 
and one of these is negligibly small. In tin* present paper, deviations 
associated with the large, wide T waves ascribed to myocardial ischemia 
are not considered. They may possibly require special treatment. 

Left V> utricular rtr<>ji]nj . — In left ventricular hypertrophy the 

deviations commonly observed are purely of the physiologic type. They 
arc. therefore, opposite in direction to the chief initial deflection. If 
there is a high K, and a deep S.. the segment is depressed in Lead 1 and 
elevated in Lead 111. If. as is not very unusual, then* is a fairly high K 
in all three limb leads, and only small S waves, the segment is commonly 
depressed in all three leads. These relationships have been studied in a 
large number of eases, and are reasonably consistent. Usually, in left 
ventricular hypertrophy of significant degree, the magnitude of the ven- 
tricular gradient is normal if there has been no left ventricular failure; 
after, or certainly during, failure, the magnitude. <J. decreases ns a rule. 
In the first condition, segment deviations are due in tin* increase in tin* 
area, Agns. After failure, both the increased Alias and the reduced <>' 
contribute to augmentation of the shift. 


IilSfTSStON 


In the foregoing paragraphs it has been demonstrated that deviations 
of tin* KS-T segment of the type not associated with blocking of impulses 
within the living myocardium are physiologic, and are merely manifesta- 
tions of the normal and necessary rcpolnrization of the nura-h*. After 
digitalization of a patient, the deviations observe! are produced by 
the same mechanism, although digitalis probably not only rednciz, tin- 
size of the gradient, but also modifies the bum of the repolnri*/.nii«n 
curve, as well. In failure of the left ventricle, and in vum- other condi- 
tions which also require careful study, the magnitude of the ventricular 
gradient is often reduced, and repolariratiott deviations often appear 
its- a result. 


,N"o precise limit can )«* given for the extent »>f the dtvin'io’s. since 
that varies with the net po-hive or negative area of the QLft «'..mp!o„ 
with tin* degree of reduction in the size of the ventricjl;:! gradient, and 
with the hear! rate. Hieitalis has an < fiV*-; much Miat of cardiac 

acceleration. Piutieulnrly in the pree.,rdin! h ad in left vi ntrb-uhsr hv. 



508 


AMERICAN HEART JOURNAL 


pertrophy, when recorded from a point opposite the right ventricle, the 
R wave is small and the S wave is often very large. Then either digi- 
talis or an increase in heart rate may produce a deviation upward of the 
RS-T segment of several millimeters, and the picture sometimes closely 
resembles that observed of ter infarction of the anterior left ventricular 
wall. Similarly, a large R wave in the chest lead may be followed by a 
depression of the segment like that which occurs with recent infarction 
of the posterior ventricular Avail. This is one reason why the facts 
herein presented are important. . 

In using the exercise or anoxia test for coronary insufficiency, an ap- 
preciation of the causes of normal deviations is desirable. It is true of 
the published records (for example, the paper by TAviss and SokoloAY 17 ) 
that the changes are undoubtedly significant, and not to be explained by 
a physiologic change that is likely to occur in the normal heart under the 
conditions given. But in less expert hands, especially Avhen there is 
considerable acceleration and Avhen the R or S Avaves are large, a Avholly 
unspecific change might easily he regarded as significant. This is an- 
other reason for stressing the facts of this report. Exercise does not 
often reverse the direction of a T Avave of fair amplitude in the normal 
person, but the T -Avave inversions produced by the standing posture in 
Pig. 6 of a preAuous paper 13 are Avorthv of note. 

Another application of the facts of this paper is open to further de- 
velopment. A knoAvledge of the Aqrs area, the gradient magnitude, the 
Q-T duration (mainly contingent on the heart rate ), 18 and the relative 
directions of A QI!S and (I, and a knoAvledge of Avhether the patient has re- 
ceived digitalis or not enable one to estimate the approximate magni- 
tude and direction of the expected RS-T segment deviation. If the direc : 
tion or magnitude of the deviation is not as predicted, or if a deviation 
is absent when it should be present, then it may become possible to 
recognize deAuations of the second type Avhich may possibly escape 
recognition by employment of present methods. Olrviously, this is a 
problem Avhich demands much further detailed study. 

In conclusion, it may be pointed out again that the names for RS-I 
segment deviations are unsatisfactory, since they are based upon the 
superficial appearance of the segment, and take no account of the two 
entirely different mechanisms of segment production. The names 
“permanent” and “temporary” have been proposed. But the pci- 
manent type, as in left Amntricular hypertrophy, is produced by the 
same mechanism of repolarization as the shifts Avhich appear, for exam- 
ple, on a change from the supine to the standing posture. The. shifts 
due to cardiac acceleration are often more transitory than the deviations 
due to injury (blocking), which are called “temporary.” Better names 
Avould seem to be “repolarization or regression deviations ” for the one 
type, and “injury deviations” for the other. The Avord injury is used in 
a broad sense to include any injury or depression of the muscle Avhicli is 
sufficient, to block the impulses within the Avails. It may be added that in- 
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r»on 

Intventrieular block. ;ss ordinarily defined, does not produce deviations of 
1 be injury type, because no intrafiber blocking occurs, or. alternatively, 
because no current of injury is present.* The ropolarizntion deviations 
are practically always opposite to the larger deflection of QRS. provid- 
ing the deflection is of fair size and is distinctly larger than the other 
QRS deflection or deflections. It is. therefore, often superfluous, in 
such eases, to refer to the direction of the shift as a depression or an 
elevation. The injury deviations (or shifts') may go in either direction. 
Hence it seems necessary to indicate the direction, and the terms “de- 
pression" or "elevation" are satisfactory. 

In addition to the names suggested above, a name also seems needed 
to describe the deviations, such as those shown in Fig. -t, which are due 
to the presence of a ventricular gradient. However probable, it is not 
certain that these are a consequence of repolarization. They might he 
called “gradient deviations." 

(Vrlaiu other aspects of this problem will he considered in a paper on 
the T wave, which is now in preparation. 


st.mmaky 


The analysis of any diphasic ventricular complex of the electrocardio- 
gram from the standpoint that it is produced by the summation of two 
monophnsie curves has certain advantages. 

By use of this method it is shown that, other things being equal, the 
extent of deviation of the RS-T segment, in the absence of a ventricular 
gradient, or of injury effects, is determined by at least two factors; 

1. The net area of the QRS complex. 

*2. The heart rate or. otherwise stated, the duration of the Q-T inter- 
val. 

The effect of a diphasic form of the initial ventricular complex is >■<>>}■ 
sidernl. 

The effect upon the RS-T segment of the !>re>--ncr of the electrical 
forces which give rise to tin* ventricular gradient is discussed ftotn lie- 
standpoint (at of the magnitude of the gradient in relation to the mag- 
nitude of the net QRS area; and (it! of Jim magnitude of the gradient 
us projected on a lead line in relation to Urn n«-t QRS area in that lead. 

It is shown that the RS-T segment deviations obs-j-ved in human elec, 
t roeardiograms agree with the theoretical expectations. 

It is suggested that RS-T segment deviations of t!w type described 
called ” repolarizat iuu or regression deviations": that tho-e produced by 
injury or muscle depression and blocking be railed “injury deviations"; 


and that the characteristic slight deviations dm- t*» the pro 
large ventricular gradient hr called "gradient deviations," f 
he found that other oj segment deviations 

gories may he includ'd. 

A few clinical applications «>t tm-se ob— i-ratton- 


•Jfce o’, a 

i* should 

'.ef e.-;!, . 
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A NOMA hors OKU JINS OF THK POSTERIOR INTFROOSTAL 
ARTERIES FROM flir. THORACIC AORTAS: TH FIR ROLF 
IN FRACTFRFS OF THK KIRS 


Mvinr.u.i: M. Can. wan. M.D. 

Bosms. Mass. 

A NI'MBFR of years aim. after World War I. the discovery of frac- 
tured ribs at post-mortem examination of patients in Massachusetts 
hospitals for mental diseases led to iinjuiries of hmv they were received 
and whether external force was applied, and. if so. in what manner. 
These fractures occurred in men almost entirely, were frequently bi- 
lateral. and involved the fourth to eighth ribs. Tin* circumstances led 
to tlie conclusion that liter were traumatic in origin. A staunch clini- 
cian held that they were done post mortem, but. iti view of the fact that 
they were attended by free hemorrhage in surrounding tissues, that 
claim was not substantiated. No thought bad at that time le-eu triven 
to the possibility of ehtuiuc in the ribs-enused by a reduced circulation, 
either by anomaly of tlmir arteries, or sclerosis of th“ aorta narrow ini; 
or occludini; the origins of the intercostal arteries. 

It had been found in 1!U7, when mental hospitals wen- short of help 
because of military enlistments, that the amount of pollimr force re- 
qt tired to fracture a rib could be ascertained by means of a brass arm 
and scale devised by a professor at the Massachusetts Institute of Tech- 
nolooy. This arm was boohed on to the median tip of ribs isolated by 
removim: their hurderiim muscles after the sternum was cut away, and 
the instrument manually lifted. The figures register* <1 on the scab- 
varied from O. pound to is pounds. In sixteen inst.-uiecs. the ribs were 
tested by the device mentioned. Klcvcn of the patients wen- men and 
five were women. Their aims were from 24 to 7!* veal's. Tie-re wet.- no 
normal controls because the autopsies- were d«m- «n those sufferin'.; from 
mental disease or defect. After time the test was uiven up heeauM- of 
1 lie press of other inquiries, 

The increase in the amount of jotUiioi force required in most to 

cause a fracture, as one proirrev.es from tie- upper rihs to tie- lower, may 
have some sionifieauee. 1; tabes un»re force to breah a bony circle than 
an ellipse, which the upper four ribs resemble; mor<ov> r. it is mure av.*:- 
ward to apply force externally hiith «*n the «m« st than h>wt». ev<-n if it 
tah.-s more force to fracture the lower ribs. This, with *h< 

greater protection of tie upper chest by *h< arms, may explain why 
more fractures en-m in tic !'<w. r ribs. Full- aimin'- tables, bo] frat-u-., 
chairs, or toilet Foils could hardly i-m-h- ab-c.c tie- nspt-b- Kuo. Bi- 
lateral entshitu; piessure. applied ftotn F hind *?:•• patient, 

n.-s h.-i ;.-r j -I’.:-, -,o. .. i «, ire. 

:*n 
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on a chest, can be effective in a short time, but again such fractures tend 
to occur in the lower group of ribs. 

In the sixteen instances mentioned, tin: five women were over 70 years 
old, and it took only y 2 pound to 5 pounds to break the ribs from above 
downward. Five of the men were under 50 years of age. and it took 
trom 2 to IS pounds to cause a fracture; in the six who were over 50 
years of age, y 2 pound to 10 pounds were required. In this group the 
condition of the aorta or the presence of debilitating diseases is too 
small to be considered. 


Campbell’ used a simple instrument with a stirrup and screw, tin- 
turning of which against a convexity and concavity of the eighth rib 
post mortem would register the breaking strain. The first fact, he was 
able to discern was that it would require 66 pounds of pressure to break 
the toughest rib, and this amount would lessen, with increase in age 
and the presence of debilitating diseases, lie stated that ribs of women 
would break at half the strain required for men. He gives a con- 
densed table in his second report, 2 which is shown in Table T. 


Taui.e I 



MAI.ES 

EEM 

AI.ES 


AGAINST TIIK 

AGAINST TIIE 

AGAINST TIIE 

AGAINST THE 


CONVEXITY 

CONCAVITY 

CONVEXITY 

CONCAVITY 

58 Insane 

41.04 lb. 

42.14 lb. 

20. (iS lb. 

20.00 11). 

58 Sane 

42.73 11). 

42.(53 11). 

23 lb. 

2:;.:’. n>. 


This compares the breaking strain of the eighth rib in both sexes of 
various ages in a series of 5S sane and 58 insane persons. It was (’amp- 
bell’s idea that it was not mental diseases, but the debilities that accom- 
panied them, that made the ribs somewhat more vulnerable, as, tor ex- 
ample, tuberculosis and syphilis. He, of course, mentions self-injury in 
excited periods and rough methods of handling. 

Whether “strain” (Campbell), or “pulling force" (Cannvnn), reg- 
istered by mechanical means on 1 he dead rib, lias any bearing on the 
amount of trauma presented to the living has apparently not yet been 
recorded. A simpler way would be to apply the finger and thumb force 
to the isolated rib. 

For years the discovery at autopsy of broken ribs was charged up to 
the disciplinary methods of the men who were then procurable as at- 
tendants. . 

Dr. Leary’s 3 observations on the effects of alcohol on the human bony 
surprised many workers when he announced that alcohol, "hen tuon 
in sufficient quantities to brand a person as an alcoholic, u.is not >' 
sponsible for sclerosing t lie aorta. In other words, an udv.imn a n 
holic had a smooth aorta. Dr. Leary s observations regm < mg > >' , ,ln 
of alcohol on aortas were made in his active service as hum km <xamm< i. 
where he could catch his patients red-handed as to habits. Our norms 
were from patients with varying length of residence in nniita m 
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cral hospitals, where time and other factors might disguise the lack of 
alcoholic effects on the aortas. His observations, however, were a signal 
to examine carefully all aortas post mortem, and thus the anomalous 
intercostal branches from the thoracic aorta came to light. 

From my own service and from numerous friends engaged in path- 
ologic work in Massachusetts and other states, aortas were received tixed 
in formalin. It would have been advantageous had all these vessels been 
flattened against the inner wall of a good-sized round glass jar contain- 
ing a 10 per cent solution of formalin, thus preventing distortion. 
However, the good will of the donors offset these difficulties, for they 
not only saved- and sent the specimens, but furnished clinical data, such 
as hospital and autopsy number for identification, the age and sex of 
the patient, history or no history of alcoholism, and the presence or 
absence of syphilis. Particularly am I indebted to Dr. William Freeman, 
Dr. B. E. Clarke, Dr. Donald J. Henderson, and Dr. I. B. Akerson. A 
total of 915 unselected aortas were collected. 

There were 473 males and 371 females. In the remaining 71 cases 
the sex was not recorded. Their ages, arranged by decades, arc given in 
Table II. 

Table II 


AGES IN DECADES 


NUMBER OE CASES 


0-10 37 

11-20 13 

21-30 33 

31-40 7S 

41-50 90 

53-00 143 

Gl-70 391 

71-S0 391 

Sl-90 GS 

91-100 5 

101-130 1 

Unknown SI 


Most of the aortas came from those who had attained ages from 31 
to 90 years, but there were some from younger persons, even premature 
babies. 

Since no bone or portion thereof could be used as a landmark for the 
removed aorta, one of the main upper branches of the arch, the sub- 
clavian artery, was considered the upper limit, and the diaphragm the 
lower limit, of the thoracic aorta. The usual procedure, at autopsy, to 
reveal disease of the aorta is to make a ventral cut from the bifurcation 
of the aorta to its arch, in situ; in fact, any other approach would be 
awkward. This leaves the renal arteries, if normal, in a bilateral po- 
sition as guides to the posterior midline of the aorta, where the paired 
segmental origin of the posterior intercostal arteries of the thoracic 
aorta should ai-ise. 

Adnchi, 4 in his painstaking work on the human arterial system of 196 
Japanese subjects, pointed out that in the fifteen thoracic aortas which 
he studied there was a deviation to the right or left of the posterior 
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median line for the origin of the posterior intercostal arteries from the 
thoracic aorta. It was indicated that these deviations were caused by the 
rotation of the developing esophagus and aorta in the embryonic period. 



Flg ' 1 i .iri eric* arising in tlie posterior mMHn*: of tie 
Fig. 1. — Group I. Paired intercostal a.tci - ., ort!l on the 

2. — Group I. Same showing the effect of nrterlosc e.os.s 
origins of the intercostal .utcrii*. 

This proved to be, for the most part, in the pres- 

types of origins of these same ’ ,iane in icl-lor:it ions of the nine pans 
ent series. Taking the exported pos . no nnl ^ ^ 2;!1 

of intereoslal arteries first, thejne inc ritol>le 'variations 

(25.2 per cent). Of ^ inuVIt Lnei.es we, e so pk: 

from this criterion, hot ,f more llni i ' • , , ;r(iU] , , (Firs. 1 anil 2). 

in a given aorta, they were e ass, , sincle small "I"'"' 

even .hough some , night, m™ **; t tally in tria.K 
i„g in some localities, or present tin 


Fig. 2- 
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With the same leeway, Group II (Fig. 3) contains those v Inch, neai 
est the subclavian, were found on the left of the median line, but de- 
viated to the right of it before the level of the diaphragm was reached. 



Flp. 3. Fip. 4. 

Fig. 3. — Group II. Note that upper orifices of the iutercostuls hold to the left of 
the central lines; lower pairs to tin* right. 

Fip. 4. — Group 111. Here Is the reverse of Group II. The upper pairs are on the 
right; lower ones make their way to the left. 


This occurred in 41, or 4.5 per cent, of the cases. Those in Group III 
(Fig. 4) were in reverse of the latter, i.c., were on the right side nearest 
the subclavian and migrated toward the left as they descended; this 
group included 71 cases (7.S per cent). Those in Group IV (Fig. 5) 
were, much more definitely on the right all the way, and this occurred 
in 314 instances (34.3 per cent). Those making up Group V (Fig. 6) 
were all on the left of the median line; of these there were 16S cases 
(1S.4 per cent), or, roughly, half the number which were in totally 
right-sided placement. The surprise was in Group VI (Fig. 7), which 
is composed of those showing (inferior origins of the intercostal arteries, 



AMERICAN HEART JOURNAL 


516 


for this occurred in 75 cases (8.2 per cent). Group VII (Fig. 8) in- 
cludes those which showed such scattered or miscellaneous origins that 
they could not he assigned to any of the other groups, elastic as were 
the criteria for them all. There were 16 such cases (l.i per cent . 
Table III presents the origins of the intercostal branchings m the whole 

series, briefly, in tabular foim. 



Fig. o. 

FiS ‘ t , .^^es arc all on the right of the 

TO. IV. The paired all „„ the left ot U» 

o“'Gr.«P V. Here the paired 
neclian line. 


Fig. u. — wiuwr *• 

to 673, or 73.6 per 

LteT/fte' ftoracic intercostal in tllc history of 92 

Alcoholism vos known to hove b<x these 92 the aortas were 

he 915 patients whose aortas we e sUtd ^ saidi in a eonversa- 

mooth in but 20 (21.7 per cent), in. •. 
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Table III 


PAIKEP INTERCOSTAL BRANCHINGS FROM THE THORACIC AORTA IN' 915 SUBJECTS 


GROUT’ I 

GROUT* II 

GROUP 

III 

GROUP IV GROUP V 

GROUP VI GROUP VII 

Paired in 

Upper on 

Upper 

on 

All on All 

on 

All an- Scattered 

posterior 

left ; lower 

right; 


right. left. 


terior. and mis- 

mid-aortic 

on ripht. 

lower 

on 

.114, or IfiS, 

or 

75, or eellaneous. 

line. 

-1 1 , or 

left. 


.24. .1 % 18.4 

% 

S.2 % 10, or 

231, or 

*1.5 % 

71, or 




1-7 % 

25.2 % 


7.S % 







t., .'h.'f-J.Tw'""" ,Y K Tl 'ir <Iemonj.tr 
,lu Anterior wall of the aorta. 

Ki P- S.— Group VII. Tlie scatterini 
advance.! rclcmsfe of the aorta. ’ 


hi 


Fitr. S. 

oo.npleto half swln* of intercostal arteries 
orlRin of intercostal arteries is complicated 


considered “expensive. v e • "hicli he 

Among the 915 aortas, S4 ( fl 2 nor eeaf > i,.„i i j 7 
"•ere known to have had syphilis, and in \l ' of 

to.-l.nrv lesion >., the norln was recognized. '’ C1 ' CCnt) " 
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From a surgical standpoint the muscular branches of the intercostab 
are of most interest, for accidental wounds or even carefully planned 
thoracic surgical procedures may open anomalous branches* with re- 
sultant hematomas of various sizes. In the literature, early reports con- 
cerning intercostal arteries dealt mainly with hemorrhages from wounds 
or rupture of these vessels from vertebral caries. 

COMMENT 

If the ribs, which are among the main sources of erythrocytes, 5 may 
be considered to receive their blood supply from the anterior and pos- 
terior intercostal arteries, although no textbook which I consulted states 
this as a fact, the majority of them in this group of 915 cases had handi- 
caps. These handicaps consisted of anomalies of origin of the posterior 
intercostal arteries in 685 (74.9 per cent) of the aortas, and sclerosis 
of the aorta contributing to diminished blood supply because of di- 
minishing the size, or sometimes occluding their orifices, in 673 (73.6 
per cent). This may be the answer to our original quest for a reason for 
the perplexing incidence of fractured ribs at post-mortem examination 
of these patients. They may have had anomalous, or closed, intercostal 
artery origins. 

SUMMARY 

Nine hundred fifteen aortas were collected from various hospitals dur- 
ing the years 1934 to 1937. All had been fixed in a 10 per cent solution 
of formalin, and all but three were believed to have been opened anteri- 
orly. The subclavian artery was considered the upper limit of the 
thoracic aorta, and the diaphragm, the lower. 

Nine pairs of intercostal ai’teries should arise in the posterior midline 
of the aorta above the diaphragm. With allowances for variations, this 
was found to be true in 25.2 per cent of the cases. 

In 74.8 per cent they deviated to the right, to the left, oi to the an- 
terior wall, or were scattered in their placement of origin, constituting 

a devious delivery of blood. 

In the 915 aortas, 673, or 73.6 per cent, had thickening or destruction 
of the aortic intima, further interfering with the nutritional function o 
the branches. 

In 84 patients there had been syphilis, and a tertiary lesion was rec- 
ognized in fourteen, or 16.7 per cent, of the 84 aortas. 

Alcoholism was known to have been included in the liistoij of 9^ of 
the patients, and in these the aortas were smooth in twenty, or -1. i per 

cent. 

I am greatly indebted to Dr. L. Eisenliardt and Dr. H. L. Weatherford for as- 
sistance in the' preparation of this paper. 
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atrial septal defect 

A Report op Two' Cases in Which There Was Recurrent Laryngeal 

Nerve Paralysis 

Herman Erlanger, M.D.,* and Samuel A. Levine, M.D. 

Boston, Mass. 

AN ATRIAL septal defect, occurring either alone or in association 
with other developmental or acquired defects of the heart, was 
present in about 8 per cent of the 1,000 cases of congenital heart disease 
collected by Abbott. 1 It is not the purpose of this paper to review the 
already extensive literature on this subject, for an excellent summary of 
previous reports appeared in connection with an analysis of fifty-two 
additional cases, by Bedford, Papp, and Parkinson. 2 

The occurrence of an unusual, and apparently rare, complication of 
this congenital abnormality, together with the fact that patency of the 
ductus arteriosus was incorrectly diagnosed in one instance and a sub- 
sternal goiter was suspected in the other, makes the following two eases 
worthy of a fairly detailed report. 

Case 1. — B. F. M. (Med. No. 60102), 23 years old, white, single, a 
graduate of a teacher’s college, was referred to one of us (S. A. L.) on 
.July 24, 1941, with a diagnosis - of patency of the ductus arteriosus, 1o 
be studied preparatory to ligation of the congenitally patent vessel. 

Her chief complaint was partial loss of voice of three and one-half 
months’ duration. 

The family history was not contributory. The past history was not 
significant, except as will be noted in relation to the present illness. 

Present Illness . — She stated that she was a blue baby at birth, but 
did not know how long this had persisted. Five years before entry, a 
physician had informed her that she had a cardiac murmur, but, to 
the patient’s knowledge, no definite diagnosis was made. She had en- 
joyed good health except that physical activity had been moderately 
restricted because of fatigability and moderate dyspnea brought on b> 
exertion. On occasions in the past, after a day of unusual activity, such 
as engaging in girls’ sports, she had found that one week of rest was 
required to regain her usual feeling of well-being. There has been no 
further cyanosis as far as she knew, except that, when in swimming, 
there was some blueness about the nose and mouth. However, m spi c 
of the dyspnea, she had been able to carry the full course of a stu en 
school teacher, including minor school gymnastics. . 

Three and one-half months before entry, in order to be on time oi a 
interview for a position as school teacher, she ran one block ana l ien ia 
up two flights of stairs. Immediately after this exertion, she fount , 
her utter embarrassment, that she was unable to speak, fins 
complete aphonia, but inability to speak audibly. During the nex 
months her voice slowly returned, but had not yet regained its no 

Prom the Medical Laboratory of the Peter Bent Brigham Hospital, and the Depart 
nient of Medicine, Harvard University. 
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qualitv. This was most noticeable to the patient on raising hei voice to 
speak to persons at, a distance; the voice at these times lost its tnonM 
resonance and inflection, and occasionally became very graft. T ''°" c r s 
before entry she had consulted her private physician because ol the im- 
pairment of her voice and decreased exercise tolerance. A diagnosis o 
patenev of the ductus arteriosus was made, and the patient was referred 
to us for studv preparatory to surgical obliteration of the abnormal 


vessel. 

Pain of cardiac origin, orthopnea, and dependent edema had never 
been present. There was no history of rheumatic fever, growing pains, 
chorea, or frequent sore throats. 

Physical Examination .—' The patient was well developed and well 
nourished. She was able to lie flat in bed without any discomfort what- 
soever. There was no cyanosis or clubbing of the fingers or foes. The 
voice seemed to lie normal, but the patient stated that it did not have its 
usual quality. The head and neck were normal. The thyroid gland, 
although palpable, was not enlarged. There were no abnormal pulsa- 
tions or thrills in the cervical vessels. The chest was negative to per- 
cussion and auscultation. The heart, was slightly enlarged. The rhythm 
was normal, and the rate was 96. A prominent systolic pulsation was 
both visible and palpable on the anterior superior aspect of the left side 
of the chest, most marked in the second intercostal space immediately 
to the left of the sternal border, and a palpable shock corresponding to 
the pulmonic second sound was noted in the same location. The apical 
impulse was normal. There was a very soft (Grade I) apical systolic 
murmur, but no diastolic murmur was audible in this area. As the pul- 
monic area was approached, both heart sounds became markedly ac- 
centuated, especially the second sound. The abnormally loud sounds at 
the base suggested the presence of a systolic murmur, but the only mur- 
mur definitely audible in this area was a soft, early, blowing diastolic 
murmur, best, heard in the second left intercostal space, but also heard 
to a less degree all along the left sternal border. The blood pressure 
readings were: right, arm, 12S/S6; left arm. 100./7S; left leg, 158/110; 
right leg, 170/104. After exercise, the blood pressure (right arm) rose 
to 186/90, with a corresponding rise in the pulse rate. During and 
after the exertion, she was moderately breathless, but there was no 
cyanosis or hoarseness. 


Laboratory Data . — The blood Hinton and Wassormann reactions 
were negative. The urine was normal. Examination of the blood re- 
vealed a hemoglobin of 110 per cent (Soldi), an erythrocyte count; of 
5,700,000. a leucocyte count of 6,800, and a normal differential leucocyte 
count. The blood nonprotein nitrogen was 29 mg. per cent, and the 
cholesterol, 220 mg. per cent. The vital capacity was 3,200 c.c. The 
circulation time (deeholin method) was 13 seconds, and the venous pres- 
sure, 120 mm. saline (right arm). 


An electrocardiogram (Fig. 1) showed moderate right axis deviation 
and inverted T waves in Load IV, but no other changes. 

Fluoroscopic examination and roentgenograms of the heart (Fm 2) 
showed definite cardiac enlargement, chiefly downward and to theleft 
;;ith marked prominence of the pulmonary conus and marked dilatation 
ot the mt rapulmonnrv art cries. The right pulmonaiw nrferv measured 
3 cm m diameter, and .showed marked svsfolie expansion ’ The nm-Pi 
...tal and probably s ,„ a li, but ,Va s poJilTobcnm ' ft" 
pulmonary arlory. There mas only slight dilatation of the lef? 
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ERL ANGER AND LEVINE: 


amide posteriorly. The lungs, other 

W&” jTsTmA o!s, G.V. 5.0, Ini. Mm. »* 


Umn as mentioned above, were 
seen. The measurements 



On larvngoscopie examination (by Dr. Joint 1?. Richardson) during 
rest, the left vocal cord was found to lie in t he cadaveric position (Fig. 
3). On phonation (Fig. 3), the right cord moved across the midline, 
hut did not closely approximate the completely paralyzed left cord; this 
accounted for the abnormal quality of the voice. Furthermore, the left 
arytenoid cartilage showed no evidence of movement on phonation. It 
was the opinion of the examiner that, as time passed, the riirht cord 
would move sufficiently well to compensate for the lack of movement of 


524 


AMERICAN HEART JOURNAL 


the left, thereby resulting in an almost complete return of the normal 
quality of the voice. . , ... 

Case 2— L. G. A. (Surg. No. 69113), 40 years old, single, white, a 
school teacher, was referred to Dr. F. C. Newton, of the surgical staff, 
on Oct. 7, 1941, for study because of the possibility of a mediastinal 

& Although the patient had many complaints, only those referable to 
the cardiovascular system concern us here. The family history was not 
contributory. The relevant past history is given with the present illness. 




L, 


midline on phonation. j t ( ]j ( ] 

Present Illness.— She stated that she a ^ ^Vo history of rheu- 

not know how long this had pe«w l i throats. . Low-grade 

nains, chorea, oi trequw nnvma ] respiration, had 



matic 
hoarseness, 
been present 

examination had. Deen pcxx— ^ - V ocal cord was _ nv 

^ she was nimble to »«««« os 

Since childhood, sue ii<i u •pn+io* < ihilitv and cljspnc . Afilfl 

two flights Of »» d ,,M ” mZt Of evooosis 

sxr i* -- bmn 

wigm - 



525 


ERLANGER AND LEVINE : 


atrial septal defect 


Physical Examination.— The patient was well developed, slight^ 
obese, and did not appear ill. The temperature and pulse rate veie 
normal. There was very slight cyanosis of the lips and fingernail beds. 
There was no clubbing of the fingers and toes. There was a small per- 
foration of the nasal septum as a result of her previous operation. J ne 
remainder of the head and neck was normal. The thyroid gland was 
palpable, but was not enlarged or nodular. There were no abnormal 
pulsations of the cervical vessels. The lungs were normal to percussion 
and auscultation. 


Percussion of the heart showed that the right border of dullness was 
parasternal, and that, the left, border of dullness was / cm. from the mid- 
sternal line (midclavicular line, 7.5 cm.). The rhythm was normal. 3 he 
pulmonic second sound was markedly accentuated, and there was a long, 
low-pitched, blowing, diastolic murmur along the left sternal border, 
most marked in the second left intercostal space. No other murmurs 
were audible. The blood pressure was 140/90. The remainder of the 
physical examination was not contributory. 

Laboratory Data .—' The blood Hinton and Wassermann reactions 
were negative. The hemoglobin was 100 per cent (Sahli), the erythro- 
cytes numbered 5,500,000, the leucocyte count was 7,600, and the dif- 
ferential leucocyte count was normal. The blood cholesterol was 206 
mg. per cent. The vital capacity was 2,900 c.e. An electrocardiogram 
(Fig. 1) showed right axis deviation and inverted T waves in the fourth 
lead. 

Fluoroscopic examination and posteroantcrior and oblique roentgeno- 
grams of the heart (Fig. 2) showed definite cardiac enlargement, chiefly 
of the left ventricle. There was marked prominence of the pulmonary 
artery, which projected well beyond the heart border just below the 
arch of the aorta. This area showed expansion with systole which was 
more marked than normal. The inlrapulmonary branches were slightly 
enlarged on the right, but showed no expansile pulsation. The lungs 
elsewhere were normal. There was no demonstrable dilatation of the 
left auricle, nor any intracardiac calcification. The measurements were 
as follows: Mr. 4.9, MI. 10.7, G.V. 6.0, Inf, Diam. 27.6 

On laryngoscopic examination (by Dr. Lyman G. Richardson), the 
vocal cords during the resting state were found to be in the same position 
as those of the first, patient (Fig. 3). However, on phonation, in con- 
trast to the first case, the right cord moved far enough across the mid- 
line to compensate for the lack of movement, of the paralyzed left cord, 
thereby resulting in a relatively normal quality of the voice. 


COMMENT 

The fact that both patients were following the same profession and 
that both were seen within four months of each other is a peculiar co- 
incidence. Probably the most important, clinical feature, however, is 
that both patients were referred to the hospital with the possibility in 
mmd of surgical intervention, one for patency of the ductus arteriosus 
and the other for a subslcrnal goiter. Now that surgical obliteration of 
a patent ductus arteriosus is possible, it is exfremelv important that 
every efiort be made to arrive at the correct diagnosis in cases of con- 

gem a heart disease Tins will avoid useless operation, which carries 
mentality of o to 10 per cent. 
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of ft! T m f Ual / eatare 0f these two eases "’ as paralvsis 

the left vocal cord, apparently because of functional interruption of 

t ie recurrent laryngeal nerve where it loops around the aorta on its 
course to the neck. Hoarseness is a common complication of aneurysms 
of the arch of the aorta, and, as might be suspected, it also occurs with 
aneurysms of the pulmonary artery, the great majority of which are 
also caused by syphilis. 3 ' 5 


Walil and Gard 5 presented one case of recurrent laryngeal nerve palsy 
produced by an aneurysm of the pulmonary artery in a patient with 
uncomplicated atrial septal defect. A similar case, but with dilatation 
rather than aneurysm of the pulmonary artery, was reported by Hotz 
(Case 2). 6 E. Weiss’ patient with Lutembacher’s syndrome complicated 
by hoarseness was reported by Abbott. 7 In Bedford, Papp, and 
Parkinson’s Case 3 2 there was transient hoarseness after exertion. That 
hoarseness does not occur more frequently in congenital heart disease 
with left-right shunts, which may more than triple pulmonary flow, is 
rather surprising when one considers the anatomic relationship between 
the arch of the aorta, the pulmonary arteiy, and the recurrent laryngeal 
nerve. As a matter of fact, cases of Eisenmenger’s syndrome compli- 
cated by recurrent nerve palsy have been reported by Baumgartner 
and Abbott 8 and by Talley and Fowler. 9 Furthermore, it is to be ex- 
pected that any congenital cardiac defect that is associated with marked 
enlargement of the pulmonary artery may be complicated by left vocal 
cord paralysis. 

Fetterolf and Norris, 10 by their careful anatomic dissections, showed 
that hoarseness in cases of mitral stenosis is caused by compression of 
the recurrent laryngeal nerve between the dilated pulmonary artery 
(or the left pulmonary artery) and the inferior surface of the arch of 
the aorta where the nerve loops around the latter vessel on its way to 
the neck. From their description, it seems clear that hoarseness maj 
be produced by this mechanism, regardless of the cause of the dilata- 
tion of the pulmonary artery. From the history, physical examination, 
and roentgenologic changes in the cases presented here, one is led to the 
conclusion that the recurrent nerve paralysis was produced by compres- 
sion of the nerve between the aorta and the dilated pulmonary aiteij 

or one of its branches. 


summary 


Two cases of atrial septal defect with the unusual complication of ic- 
current laryngeal nerve paralysis are presented. The necessity of exact 
diagnosis of congenital heart disease is stressed because both patients 
were erroneously suspected of having diseases which are amenable to 
surgical treatment, namely, patency of the ductus arteriosus in one in- 
stance, and substernal goiter in the other. 
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the basal metabolic rate in essential 

HYPERTENSION 

George E. Mountain, M.D., Des Moines, Iowa, Edgar V. Allen, M.D. * 
and Samuel F. Haines, M.D. A Rochester, Minn. 

T HE literature relative to the effect of high blood pressure on basal 
1 metabolism is confusing because in some instances the authors failed 
to state the nature of the cases studied, and because, in other instances, 
patients had complications, such as myocardial failure of varying de- 
grees, Cheyne-Stokes respiration, nephritis, ovarian failure, or possibly 
hyperthyroidism. 1 ' 6 However, there is evidence that hypertension can 
increase the basal metabolic rate, but does not always do so. 7 ' 35 

Of these reports, those of Keith and associates, 13 Hayasaka, 11 Weiss, 14 
Weiss and Ellis, 15 Becker, 7 Boothby and Sandiford, 8 and Crile and 
McCullagh 9 are most pertinent to our presentation, which deals with 
the effect of uncomplicated high blood pressure on the basal metabolic 
rate. Keith and associates measured the basal metabolic rate in thirty- 
nine cases of malignant (Group 4) hypertension; in eight instances the 
basal rate was greater than plus 20 per cent. 13 Although these authors 
could not explain their : observations, they expressed the belief that the 
thyroid gland was not responsible. Hayasaka obtained an average basal 
metabolic rate of minus 6 per cent in a group of cases of “benign” 
hypertension, and an average of plus 18 per cent in a group of “malig- 
nant” hypertension. He found that neither the pulse rate nor the 
diastolic blood pressure was directly related to the basal metabolism. 
Weiss and Ellis obtained basal metabolic rates varying from plus 15 to 
plus 50 per cent in seven of eleven patients who had hypertension with 
normal cardiac function. 13 Although they admitted that the cause for 
this elevation of the basal rate was unknown, they expressed the belief 
that an active sympathetic nervous system must be present. One pa- 
tient of these authors had a basal metabolic rate of plus 45 per cent, as- 
sociated with a blood pressure of 270/140. Thyroidectomy caused le- 
duction of the rate to normal, but did not influence the blood piessiuc. 
In a study of sixteen patients who had essential hypertension and no 
cardiac failure, Becker noted basal rates varying from plus 17 to plus 38 
per cent. He concluded that this phenomenon was due to a thyrogenic 
component, as he obtained a return of the basal metabolic rate to noi- 
mal after roentgen treatment of the thyroid gland. The blood piessuie 

decreased in some cases. „ 

On the other hand, Boothby and Sandiford, 8 in a statistical study oi 
170 patients who had high blood pressure, found that approximately 90 
per cent of them had basal metabolic rates within the range of plus lo 

Received for publication Dec. 29, 1942. 
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to minus 35 per cent. Crile and McCullaglP discussed means of dis- 
tinguishing an elevated basal metabolic rate in the presence of b\pei 
tension from that due to hyperthyroidism. They suggested that the 
increased basal rate in many eases of hypertension might be the result 
of the increased cardiovascular activity required to maintain the circula- 
tion against a high diastolic blood pressure. Hosier and Edelstein 
found a normal metabolic rate in “pure” forms of essential hyperten- 
sion. Kusakabe and Ito ir found a normal rate in five cases of essential 
hypertension. The literature is, therefore, conflicting with respect to 
the basal metabolic rate in uncomplicated essential hypertension. The 
opinions range from observations that there is almost uniform elevation 
of the basal metabolic rate to those which indicate that the rate is nor- 
mal in hypertension. Additional studies relative to the basal metabolism 
in hypertension may be found in articles by Boas and Shapiro, 18 ’ 10 
Fishberg, 10 Hamilton and Knight, 20 Mannaberg, 21 and Rose. 22 

Our method of approach to this problem was a study of case records 
from Ihe files of the Mayo Clinic. Only records of patients who had 
essential hypertension and whose basal metabolic rates had been meas- 
ured were used. From this group were discarded: (1) all cases in 
which clinically there was even questionable cardiac decompensation; 
(2) all cases in which there was definite or probable hyperthyroidism, 
in the judgment of the consultant who examined the patient ; and (3) 
all cases of secondary hypertension due to, or associated with, severe 
renal disease, adrenal tumors, or pituitary basophilism. The final group 
"consisted of S27 cases, 1 he analysis of which constitutes the basis for our 
stu,dy. They were classified according to the method of Keith, Wagoner, 
an'd- Barker. 23 Group 1 included those patients who had only a mild 
narrowing or sclerosis of the retinal arterioles. Patients in Group 2 
usually had moderate to marked sclerosis of the retinal arterioles, either 
of the chronic type characterized by exaggeration of the arterial reflex 
and arteriovenous compression, or of the post angiospastic type charac- 
terized by generalized and localized irregular narrowing of the arteri- 
oles. Patients who had hypertension, Group 3, had retinitis of the angio- 
spastic type characterized by edema, cotton-wool patches, and hemor- 
rhages in the retina, in combination with sclerotic and spastic lesions 
in the arterioles. Patients in Group 4 had edema of the nerve heads 
of the retinas, in addition to the retinal changes characteristic of hyper- 
tension, Group 3. 


Two measurements of blood pressure were made in each ease with a 
standard mercury sphygmomanometer. One was made during the clin- 
ical examination,* and one at the time of measurement of the basal 
metabolic rated All the patients had a svstolic blood pressure of 350 
mm of mercury, or more, at the time of the clinical examination. The 
basal m etabolic rates were measured by the technique outlined bv 


•H. r. tinftrr r-fonv,! to :ls Hlnlcal procure 

iHcrolnaftor referred to as basal Mood pressure. 
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Table II 

Average Brood Pressore m Each or foc r Grcepr oe Hvtertexe^ 

— — ~ ' — ,r "' ^ AT P.RniR\ 


group 


basalt 


CLINICAL' 


SYSTOLIC 


DIASTOLIC 


SYSTOLIC 


DIASTOLIC 


1 

2 

3 

4 


172 

208 

225 

243 


102 

124 

140 

150 


150 

174 

191 

212 


90 

106 

120 

139 


173 


100 


Average 

♦Indicates Wood P^^fthat bS'metabolic rate was measured, 
tlndicates pressure at tune that has 



Av erage . 

TT^I-art of the clinical data arc presented 

Boothby and Sandifoid. ; any comment. 

" 5 — 1,ad basal m 

20 per cent. Ut mo ru .> 



Average B.Mft. -pen cent 
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ic rates in excess of plus lo per cen t (- t_ P* ^ * basal 

greater than plus 20 per cent (Table IV). * 

metabolic rates of patients classified according to ‘ ? . 

blood pressure are charted, there is shown to be a relationship (IV -) > 



Systolic blood pressure -mm. of Hg. 


j.'i r j \ Venice basal metabolic rates and basal systolic blood pressures of patients 

in eaeli of four groups of hypertension. 



Fie. 2.— Avernco. basal metabolic rates of patients classified according to their basal 

systolic blood pressures. 
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however, when individual eases are considered, there is shown to be 
, very little correlation between basal metabolism and blood pressure (cor- 
relation coefficient — plus 0.2). 


Table IV 


Percentage Distribution of Gases in Each of Pour Grouts of Hypertension 
According to Basal Metabolic Rate 


BASAL METABOLIC RATE 

| PERCENTAGE OF CASES 

| GROUP 1 

GROUP 2 

j GROUP 3 | 

GROUP 4 

Less than -15% 

2 

2 

1 


-15% to +15% 

91 

91 

87 

73 

Greater than +15% 

7 

7 

12 

27 

Total 

100 

100 

100 

100 


Most hypotheses relative to the elevated basal metabolism in essential 
hypertension involve the thyroid gland or the cardiac or respiratory 
systems. The basal metabolism tends to rise with the increased respira- 
tion associated with cardiac decompensation. 5 - 25 Our patients were, 
however, as far as could be ascertained, free of dyspnea. Heart rate 
may, perhaps, influence the metabolism. Lev and Hamburger-® studied 
a patient who could produce paroxysmal tachycardia at will, and found 
the basal metabolic rate to be minus 6 per cent with a pulse rate of 67, 
and plus 5 per cent when the pulse rose to 1S7. Our patients had es- 
sentially normal heart rates. 

Some students of the subject have believed that the increased caidiac 
work resulting from the increased blood pressure might be the reason 
for increased metabolism in some cases of hypertension. Our data v-oulc 
seem to lend some support to this conclusion, for the average basal 
metabolic rate of all patients who had hypertension, Group 4, was higher 
than the average basal metabolic rate of all patients who had hyperten- 
sion, Group 3, and these, in turn, had a higher average basal metabob 
rate than patients who had hypertension, Group 2. e ia\e S1 
that the average blood pressure of patients increases m each ^ueceedi 
o-roun (Table II). Thus, through hypertension Groups 1, 2, 3, ar , 
there are a gradually increasing average blood pressure and gracua . 

increasing average basal metabolic rate. 

As indicated earlier, however, the correlation to .**«£*! cases^ 
Further study of our cases is shown m Tab e . . P 

Sstd Pina » per cent. In ot.wr 

^ds, four-fifths o, patients who 

' S— , two-thirds of pa- 


are 
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(ionts who have hvpcrtension, Group 4. and diastolic blood pressures 
exceeding 130 mm. have basal metabolic rates within the accepted range 
of normal. If an increase of cardiac work had a marked effect on basal 
metabolic rate, probably more patients who have severe hypertension 
should have metabolic rates greater than normal. This evidence, we 
feel, shows the. lack of marked relationship between an increased basal 
metabolic rate and cardiac work, perse. 

Tabu: V 


Distribution or Am* Casks is Which thk Bahai. Diastolic Blood Pkessule Pas 
U iO MM. on Mom:, According to Basai. Metabolic Hate 


BASAL METABOLIC 
RATE 

HYPERTENSION GROUP 3 
(43 CASES) 

HYPERTENSION GROUP 4 
(25 CASES) 

CASES 

AVERAGE ' 
BASAL 

METABOLIC ! 
BATE 

AVERAGE 

BASAL 

DIASTOLIC 

BLOOD 

pressure 

CASES 

AVERAGE 

BASAL 

METABOLIC 

RATE 

AVERAGE 

ItASAL 

DIASTOLIC 

BLOOD 

PRESSURE 

More than +15 

8 

+22 





(></{• to +15% 

2(5 

+ s 


id 



Los* than 0% 

9 

- i) 


■fl 


MESH 


In order to ascertain whether or not hypertension might provoke 
hyperthyroidism, microscopic sections of the thyroid glands of forty ad- 
ditional patients who had died of congestive heart failure due to hyper- 
tension were examined microscopically. In the forty cases studied there 
were none of the usual morphologic changes which are associated with 
hyperthyroidism. Kyser 27 was unable to find any more evidence of 
hyperthyroidism in thyroid sections of patients who had died of high 
blood pressure than in a control group. This is in accord with the re- 
sults of others (Ilose). Kesnilc and Friedman*' 11 ' have shown that con- 
gestion of the thyroid gland does not have any effect on the basal me- 
tabolism, as had been suggested by Lev and Hamburger. 

We have noted a few instances in which partial thyroidectomy was 
done on patients who had severe hypertension and showed evidence of 
coexistent hyperthyroidism, but in whose thyroid glands no evidence 
of parenchymatous hypertrophy could be found. The elevated basal 
metabolic rate has not fallen appreciably after double resection of the 
thyroid glands in these cases. The increased metabolism was therefore 
linked with the hypertension. 


In a recently examined scries of sixty-nine patients who had essential 
hypertension and hyperthyroidism, in twenty-one cases the basal meta- 
bolic rate failed to fall as low as plus 20 per cent within two weeks of 
partial thyroidectomy, presumably because of hypertension. It is of in- 
tei-est that the average blood pressure readings both before operation 
and after operation were higher in these twenty-one eases than in the 
others. We have seen a number of patients who had hypertension and 
liank hyperthyroidism, m whom, after partial thyroklectoinv with com- 
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p e e relief of all clinical manifestations of hyperthyroidism, the basal 
metabolic rate lias remained at levels greater than pins 20 per cent for 
years. In many of these patients the thyroid tissue which was removed 
showed the typical pathologic picture of exophthalmic goiter, but re- 
peated periods of administration of iodine after the operation failed to 
lower the basal metabolic rate or alter the patient’s clinical condition. 
This situation also seems to be due to hypertension. 

We have observed a few instances of high-grade myxedema with as- 
sociated severe hypertension in which repeated basal metabolic rates 
failed to be as low as minus 20 per cent. In three such cases that have 
come to our attention, administration of desiccated thyroid in quantities 
only sufficient to control the clinical evidence of myxedema has raised 
the basal metabolic rate to more than zero. It would seem likely, there- 
fore, that the elevation of the basal metabolic rate in some cases of hy- 
pertension is probably independent of the thyroid gland or of excess 
thyroxin in the body tissues. The frequently repeated observation that 
elevated basal metabolic rates in many cases of hypertension will fall to 
normal levels after a few days’ rest in bed also suggests that thyroxin 
is not present in excessive amounts. 

It would seem logical to assume that the basal metabolic rate is ele- 
vated in some cases of hypertension because of inability of the patients 
to relax sufficiently to allow the test to be made under true basal con- 
ditions. It is admitted, however, that this explanation does not account 
for the failure of elevation of the basal metabolic rate in many other 
hypertensive patients who appear equally tense, nor do we feel that 
there is evidence to indicate that such a condition is necessarily the only 
factor tending to cause increased basal metabolic rates in some cases of 
hypertension. To our knowledge, no adequate explanation fox this oc- 
currence seems to be available. For the time being we can make no 
further observation than that hypertension and elevated basal metabolic 
rate are frequently associated in the absence of hyperthyroidism. The 
difficulty of differential diagnosis between hypertension with and with- 
out true primary hyperthyroidism makes further investigation of these 

patients important. 

SUMMARY 

A study of 827 cases of hypertension, in which thyroid disease was 
excluded as accurately as possible by clinical methods, shoved that the 
basal metabolic rates were elevated, to higher levels and moie fiequenth, 
in patients with higher blood pressures than in those with less marked 
hypertension. No adequate explanation of this phenomenon is apparent, 
although in our opinion the thyroid gland itself is not responsible. 
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THE RELATIVE CLINICAL POTENCY OF DIGITALIS USP X 
DIGITALIS U.S.P. XI, AND DIGILANID 

Louis B. Laplace, M.D., Lieutenant Colonel, M.C., U. S. Army 

D IGITALIS therapy is based largely on the presumption that the 
van(ms preparations in use are of known relative potency. Much 
imculty has arisen, therefore, from the fact that the digitalis of U.S.P. 
XI (1936) is substantially more potent than that of U.S.P. X (1926), 
and that the precise difference in potency is still uncertain. The in- 
crease in strength of the official preparation of digitalis resulted from a 
change of the standard to which the drug is compared. Prior to 1936, 
digitalis was assayed in terms of ouabain. Since that time it has been 
made to conform in potency to the international standard powder 
adopted by the Health Committee of the League of Nations in 1925. The 
strength of the standard digitalis powder is such that S9.7 milligrams is 
the lethal dose per kilogram of cat. The “international digitalis unit” 
consists of 0.1 Gm. of the powder, and is the equivalent of 1.1 eat unit. 

Judging from bio-assay by the frog and cat methods, the digitalis of 
U.S.P. XI appears to be from 25 per cent to 30 per cent stronger than 
that of U.S.P. X. 1 Clinical experience, however, has not yet demon- 
strated to what extent these figures are applicable to the therapeutic po- 
tency of digitalis. Bland and White 2 “suspect that in actual practice, 
\ an increase in potency up to 50 per cent is more nearly correct. ’ ! Un- 
der the circumstances, it is desirable that the action of the newer prepa- 
ration of digitalis should be carefully compared with that of the prepara- 
tion previously in use in order to establish an accurate basis for modifi- 
cation of the prescribed clinical dosage. It is also of value to ascertain 
more precisely the relative strength of digilanid, a form of digitalis 
which has attracted recent attention because of the fact that it can be 
assayed chemically, thus assuring consistent potency. Digilanid is com- 
posed of the chemically pure glycosides of Digitalis Janata. 

The following study presents a clinical evaluation of the potcncv of 
digitalis U.S.P. X, digitalis U.S.P. XI, and digilanid, in terms of the 
ability of these drugs to slow the ventricular rate in cases of auiiculai 
fibrillation. As will later be discussed, this action of digitalis is not 
identical with that by which the efficiency of ventricular contraction 
is improved or “toxic” effects are elicited. Conclusions as to digitalis 
potency which are based upon slowing of the ventricular rate in the 
presence of auricular fibrillation should not be compared without qualifi- 
cation to the results of assay by techniques which involve other functions 


of the drug. 
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methods 

Observations were made on a .series of seventeen patients who had 
chronic auricular fibrillation and were under treatment in the Cardiac 
Clinic of the Philadelphia General Hospital. All patients were ambu- 
latory. Their ages ranged from 32 to 69 years. Evidence oi organic 
heart disease of rheumatic, hypertensive, or arteriosclerotic origin was 
present in all cases. The observations to be reported were made in the 

course of routine clinic visits at intervals of one to six weeks. 

The routine consisted of digitalizing each patient with, one of the three 
preparations studied, and thereafter giving a constant daily dose v inch 
was the same for all patients, irrespective of individual therapeutic in- 
dications. The daily dose of digitalis U.S.P. X (Upjohn) was V/> 
grains (0.1 Gm.), of digitalis U.S.P. XI (Squibb), 1 grain (0.065 Gm.), 
and of digilanid (Sandoz), %„o grain (0-3 mg.). When the ventricu- 
lar rate had become stabilized, the studies described below were carried 
out. After the completion of study of each preparation, one of the ot li- 
d’s was substituted and the procedure repeated. 

The criterion of potency of the drugs was the rate of contraction of 
the ventricles after a control period of rest in the seated posture and 
after exercise. The rate was counted first for one minute by ausculta- 
tion. The patient then walked ten times over a two-step staircase, each 
step of which was 8 inches high. The patient selected his own pace, 
but was made to maintain it consistently in all subsequent tests. As the 
patient returned to his seat, the stethoscope was applied lo his chest and 
the ventricular rate counted continuously from the moment he sat down 
until three minutes later; notation was made of the number of beats in 
each fifteen-second interval. A record was kept also of t lie room tem- 
perature and the patient 's blood pressure, weight, and general condition, 
in order to eliminate factors which might render successive tests not 
comparable. 

Electrocardiograms were recorded continuously before, during, and 
after exercise in several cases. From these it was apparent, that the 
ventricular rate during the first fifteen seconds after exercise was the 
same as the maximum rate during exercise. Therefore, for the purposes 
of the present study, the rate during the first fifteen seconds of rest has 
been called the “maximum exercise rale.” 

The rate of the ventricles was the only objective criterion used in 
comparing the action of the three drugs. No account, was taken of a 
pulse deficit, for estimates of this phenomenon are usually inaccurate, 
and are essentially an index of the tactile appreciation of the observer, 
rather than of any significant abnormality of circulatory function. 

RESULTS 

Comparison of digitalis U.S.P. X and digitalis U.S.P. XI was made 
in len eases, of digitalis U.S.P. X and digilanid in sixteen eases, and of 
digitalis U.S.P. XI and digilanid in eleven eases. Table 1 summarizes 
the i stilts obtained in ten eases in which all three preparations were 
compared on each patient. Because of differences between individual 
patients in their reaction to digitalis, only (he cases included in Table I 
could he used as the basis for the following discussion. Confirmatory 
eudence. however, was afforded by the results obtained in the seven 
remaining eases, in which the effects of only two preparations were com- 
pared on each patient. 
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Table I 

Ventricular Bates in Ten Cases of Auricular BelA * 

tiye Effect of Daily Doses of % Mg. of Digilanid, 1 £ Grains of 
Digitalis U.S.P. X, and 1 Grain of Digitalis U.S.P. XI 

and [4] during tlie second minute after exe rcise.) 

DIGILANID DIGITALIS U.S.P. XI D IGITALIS U-S-F-J* 
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1. 34 Blieumatic 


Average 


S3 13(5 US 8S 
92 172 143 98 

88 154 131 93 


2. 34 

Blieumatic 

54 132 10S 66 

60 124 97 61 

49 120 93 57 

59 116 100 5S 


Average 

56 123 99 61 

3. 38 

Blieumatic 

6S 144 118 78 
67 112 89 67 


Average 

68 128 104 73 

4. 51 

Blieumatic 

92 136 120 102 

93 140 121 93 


Average 

93 138 121 98 

5. 50 

Hypertension 

75 140 121 89 
79 144 115 87 


Average 

77 142 118 88 

6. 50 

Hypertension 

60 72 70 61 
62 80 74 6d 


Average 

77 8S S5 7S 
66 SO 76 6S 


7S 128 112 S7 
75 132 109 S3 

77 130 111 85 

72 12S 104 72 
48 112 82 48 
60 10S 95 Go 


72 12S 97 74 
62 124 96 G8 
72 132 114 81 
69 12 S 102 74 


49 116 90 

50 124 90 
44 96 77 


67 

52 

54 


60 116 94 62 48 112 86 58 


7; 58 Hypertension 
Average 

8. 69 Arteriosclerosis 

Average 

9. 54 Arteriosclerosis 

Average 

10. 64 Arteriosclerosis 


Average 


72 124 102 74 
72 116 106 82 
81 132 115 83 
75 124 108 SO 

53 136 111 93 
88 128 121 S8 
71 104 9o 80 
81 123 110 S, 

69 124 95 7S 
45 84 76 50 

54 104 S4 63 
56 104 So 64 

7S 120 104 86 
73 100 91 83 

67 96 91 76 

73 105 9o S2 


57 132 100 62 
61 120 92 62 

59 126 93 62 

77 124 105 79 
S4 120 107 S7 
80 140 107 82 
80 121 106 S3 

86 112 9S S7 
83 108 96 So 

85 110 97 86 

77 92 81 81 
82 100 87 S4 

79 96 S4 83 

79 112 100 S7 
94 124 120 106 

87 118 HO 97 


60 120 89 60 
71 140 102 74 

57 132 104 57 
63 131 98 64 

SO 124 104 S7 
75 132 112 86 

78 128 10S 87 

75 124 104 83 
74 112 99 S3 
74 120 106 S4 
74 119 103 83 

61 76 70 67 
64 80 75 66 
74 8S 86 S2 
66 81 77 72 


SS 332 
75 116 


119 93 
103 S3 


82 124 111 S8 


81 10S 98 
78 116 101 
SI 116 103 
80 113 101 


84 

S2 

81 

82 


70 136 99 81 
45 H6 85 o9 
52 104 86 ' J > 
56 119 90 i - 

S0 112 102 83 

71 116 9S <6 
SO 112 103 So 
77 113 101 SI 


85 124 

79 128 

80 124 
SI 125 

65 100 
60 120 


107 90 
110 80 
107 83 
10S 84 

87 69 
92 69 


63 110 90 69 


6S 104 
70 100 


95 SO 
90 7G 
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It is apparent from Table I that, the same dose of digitalis does not 
necessarily produce the same ventricular rate in different patients. 
Thus, Yjoo grain (0.3 mg.) of digilanid per day produced a ventricular 
rate at rest of 45 per minute in one patient and 93 per minute in another, 
and ventricular rates during exercise which varied from 72 to 1/2 per 
minute between different patients. This, of course, simply emphasizes 
the clinical experience that the optimum daily dose of digitalis, irre- 
spective of its form or consistent potency, is not the same for all pa- 
tients. 

Comparing the two preparations of Digitalis purpurea, U.S.P. X, V/ 2 
grains (0.1 Gm.), and U.S.P. XI, 1 grain (0.06 6m.), Table I shows 
that the average ventricular rates which they produced were remark- 
ably similar. The average ventricular rate at rest produced by digitalis 
U.S.P. X was slightly slower than that produced by digitalis U.S.P. XI, 
but during and after exercise the two were practically identical. As 
to individual cases, four patients had a slightly lower rate when digitalis 
U.S.P. X was used, four had a slightly lower rate when digitalis U.S.P. 
XI was used, and two had approximately the same rate with either 
preparation. Thc.se results indicate that 1 grain (0.0G Gm.) of digitalis 
U.S.P. XI has an effect ccjuivalent to V/ 2 grains (0.1 Gm.) of digitalis 
U.S.P. X. The potency of digitalis U.S.P. XI is therefore 50 per cent 
higher than that of digitalis U.S.P. X in terms of slowing action on the 
ventricular rate in the presence of auricular fibrillation. 

Comparing digilanid with Digitalis Purpurea, Tabic I shows that the 
effect on the ventricular rate at rest was the same for % ft0 grain (0.3 
mg.) of digilanid as it was for V/> grains (0.1 Gm.) of digitalis U.S.P. 
X or 1 grain (0.06 Gm.) of digitalis U.S.P. XL The ventricular rate 
during exercise, however, averaged six beats per minute higher when 
digilanid was used than during the administration of either preparation 
of Digitalis purpurea. Presumably therefore, % 0 o grain (0.3 mg.) of 
digilanid is slightly less potent in controlling the rise in ventricular 
rate during exercise, than is V/ 2 grains (0.1 Gm.) of digitalis U.S.P. X 
or 1 grain (0.06 Gm.) of digitalis U.S.P. XI. 


It is customary in practice to modify the dose of digitalis to some ex- 
tent in accordance with the patient’s personal evaluation of such symp- 
toms as breathlessness, palpitation, rapid or slow heart action, or nausea. 
The seventeen patients of this series were therefore asked from time to 
time whether they preferred digitalis or digilanid, and their reasons for 
so doing. Three preferred digitalis because they regarded it as 
“stronger” than digilanid. Four preferred digilanid because it was 
“easier to take” or “loss nauseating” than digitalis. The remaining 
ton patients had no preference or changed their opinion so often that no 
significance could be attached to it. 


Conspicuous differences between the three preparations in their 
toxic r fleets upon the heart were not apparent. The incidence of 
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premature contractions, as far as this could be judged bv auscultation 

other' tT” t0 r 1 , nflUenC<!d by C,Umgins £rom TOaration to anl 
Ol her. There was likewise no basis for any definite conclusion as to the 

xelative ability of the drugs to improve myocardial efficiency. The oc- 
currence of signs of congestive heart failure did not have any obvious 
relationship to which particular preparation was used as long as the 
routine dosage was unchanged. 


DISCUSSION 


The data which have been presented constitute a basis for the evalu- 
ation of digitalis potency only in terms of effect on the ventricular rate 
in the piesence of auricular fibrillation. The technique of study which 
was employed was not adapted to the accurate estimation of either the 
toxic action of digitalis or its therapeutic action in improving the 
efficiency of myocardial contraction. 3 Since the * ‘ toxic ’ ’ effects may con- 
stitute an important factor in the bio-assay of digitalis by the frog or 
cat methods, it is easy to understand that estimates of digitalis by such 
standards may well differ from estimates based on the criterion of ven- 
tricular slowing. The same may be true also of the assay of digitalis 
in terms of its therapeutic effect in cases of normal sinus rhythm, when 
the drug action involves essentially the improvement of myocardial ef- 
ficiency. The latter aspect of digitalis action is certainly the one most 
difficult to evaluate with accuracy, especially in cases of auricular 
fibrillation, in which ventricular acceleration plays an important role 
in the production of congestive phenomena. From the present study, 
the most that can be stated in regard to relative “toxic” effect (ectopic 
beats) or effect on the efficiency of myocardial contraction is that no 
conspicuous differences were observed between the results of a daily 
dose of y 2 oo grain (0.3 mg.) of digilanid, 1 y 2 grains (0.1 Gm.) of digi- 
talis U.S.P. X, and 1 grain (0.06 Gm.) of digitalis U.S.P. XI. 

The evidence which has been presented seems, on the other hand, to 
indicate with reasonable certainty that the relative potency of the tluce 


preparations in terms of slowing of the ventricular rate in the presence 
of auricular fibrillation is such that 1 grain (0.06 Gm.) of digitalis 
U.S.P. XI is exactly equal to 1 y 2 grains (0.1 Gm.) of digitalis U.S.P. X, 
and that the potency of % grain (0.03 Gm.) of digilanid is slightly 
less than that of the other preparations. It is noteworthy that the dif- 
ference in effectiveness of digilanid was apparent onlv during the ex 
ercise tolerance test. Judging from the ventricular rate when the pa- 
tient was at rest, it might be assumed that no such difference existec . 
This fact illustrates a potential source of error when various forms o . 
digitalis are compared and no account is taken of the rise in \entiicu ai 
rate during exercise. It is evident from clinical experience 1 10 

resting ventricular rate in a case of auricular fibrillation is no me 
tion whatever of the extent to which the rate increases dining excicisc. 
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This acceleration of the rate during exercise is staled 5 to be due in the 
average case to decreased vagal tone. Conceivably, therefore, the fact 
that digilanid produced the same ventricular rate at rest as did digit alis. 
but permitted a greater increase in rate during exercise, may imply that 
the difference in potency between these preparations may involve onh 
their vagal action. This possible qualitative distinction, however, is not 
supported by sufficient evidence from the present study to warrant its 
acceptance without further investigation. 


CONCLUSIONS 

1. Daily oral doses of 1 grain (0.0G Cm.) of digitalis U.S.P. XI, 144 
grains (0.1 Dm.) of digitalis U.S.P. X, and K>oo grain (0.3 mg.) of 
digilanid produced the same average ventricular rate at rest in eases 
of auricular fibrillation. 

2. The degree of acceleration of the ventricular rate by exercise was 
the same when either of the two preparations of digitalis was given in 
the dosage stated above, but the degree of acceleration was slightly 
greater when digilanid was given. 

3. Assayed in terms of their ability to slow the ventricular rate in 
cases of auricular fibrillation, .1 grain (0.06 Dm.) of digitalis U.S.P. XI 
is the equivalent of D,g grains (0.1 Dm.) of digitalis U.S.P. X. The 
potency of digitalis U.S.P. XI is therefore 50 per cent higher than that 
of digitalis U.S.P. X. 

4. The potency of grain (0.3 mg.) of digilanid is slightly less 
than that of 1 grain (0.06 Dm.) of digitalis U.S.P. XI, or 1 U grains 
(0.1 Dm.) of digitalis U.S.P. X. 

5. Within the limited scope of tin's study, there was no evidence of any 
difference between the three preparations in either their “toxic” ac- 
tion or 1 heir influence on myocardial efficiency. It is emphasized, how- 
ever, that the type of assay used is only accurate in evaluating the effect 
of digitalis on the ventricular rate in Hie presence of auricular fibrilla- 
tion. 
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Clinical Reports 


RHEUMATIC THROMBOPHLEBITIS 

Henry I. Russek, M.D., and Gordon A. Abbott, M.D. 

Staten Island, N. Y. 

T HE development of venous thrombosis in acute rheumatism lias re- 
ceived various interpretations. Schmitt, 1 in 1S84, expressed the view 
that thrombosis was the result of some alteration in the blood, rather 
than of an antecedent phlebitis. Gatay, 2 in 1895, described inflamma- 
tory changes in the vein wall and concluded that the thrombosis was 
entirely secondaiy to the associated phlebitis. Gamier 3 and others, how- 
ever, regarded venous stasis as the main factor, but conceded that 
changes in the blood and in the vein itself may be contributor j . 

Boynton 4 ' 0 reported extensive venous thrombosis in three children with 
rheumatic fever and subsequently observed ten additional cases of simi- 
lar nature. In every instance there were manifestations of acute rheu- 
matism at the time of thrombosis, a fact which the author considere 
presumptive evidence of active infection in the vein itself. M elcly m 
1900 agreed that phlebitis is a definite but uncommon complication oi 
acute rheumatism. He considered the former of minor significance, 
however, in the causation of venous thrombosis m heart disease. In • 
review of twenty-eight cases complicating cardiac diseases in geneial, 
Welch found only three in which there was a history of recent joinl 
symptoms Sladen and Winternitz, 8 furthermore, have emphasized tin ■ 
any lesion of the heart resulting in congestive failure may be assoeia ted 
with venous thrombosis. In reviewing twenty-six rheumatic case, 

they found that the — £ * 

autfiorTwere undileTestablisli that rheumatism was a definite etio- 
logical factor. nnnnr within the venous 

The histologic evidence that rheumatic £o non-specific 

system has likewise been inconclusive. In mos m t , of 

changes, in the nature o£ small round cell » ^ns ^ 

the vein wall, have been reported. Sueh a teiat. ^ ^ pmy , 

have been the result of venous throm osis, ‘ ‘ GO mr»licatcd by thrombosis 
however, in a ease of acute rheumatic fox P • Jcsions 

of the right innominate vein, demonstrated fox thorns 
closely resembling Aschoff nodules m the media of - ^ ^ y 
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BUSSES AND ABBOTT: RHEUMATIC THROMBOPHLEBITIS 

The purpose of this paper is to record the second case of rheumatic 
thrombophlebitis in which the diagnosis was confirmed by - histologic 
studies. It differs from the case of Ferry in that other clinical and 
pathologic manifestations of acute rheumatism were absent, and, there- 
fore, is unique. 

CASE REPORT 


,T. S., a 30-year-ol(l white Italian, a printer by occupation, was admitted to the 
hospital June 4, 1941, with the complaint of pain and swelling on the left side of 
the neck, shortness of breath on exertion, and swelling of the ankles. He hat 
had typhoid fever, diphtheria, scarlet fever, and recurrent tonsillitis in childhood. 
In 192S he suffered from painful joints, and, in 1937, had had a severe attack of 
influenza. In 1938 a diagnosis of mitral stenosis was made at this hospital when 
the patient was admitted for an unrelated cause. Shortness of breath on exertion 
had occurred intermittently since 1933, and, for two months prior to the present 
admission, dyspnea was marked even on walking a short distance on level ground. 
Swelling of the legs had been noted intermittently for a period of one month. 
On June 2. 1941, (lie patient experienced severe pain on the left, side of the neck, 
followed, the next day, by swelling of the tissues in that area. He also complained 
of sharp pain on both sides of the chest on breathing, and of a cough productive 
of bloody sputum. 

On physical examination, the patient appeared orthopncic, cyanotic, and toxic. 
His temperature was 100.4° F. The sderae showed moderate icterus. There were 
tenderness and induration of the deep cervical nodes at the angle of the jaw on 
the left. Tender lymph nodes were palpated in the left supraclavicular region and 
in the left axilla. There were fullness and induration over the anterior triangle 
of the neck and in the supraclavicular and infraclavicular fossae on the loft side. 
The breath sounds were diminished over the left infraclavicular region, and over 
both bases posteriorly there was dullness to flatness on percussion, with diminished 
to absent voice and fremitus, and many small moist rfdcs on inspiration. The left 
, border of the heart was 1 */> cm. outside the left midclavieular line. The heart rate 
was 120 per minute, and the beat was regular except for occasional ectopic systoles. 
The blood pressure was 118/78. There was a mid-diastolic thrill over the apex. 
The heart sounds were fairly well transmitted, and there was a snapping first 
sound at the mitral area, with an accentuated pulmonic second sound. There was 


gallop rhythm at the tricuspid area, and a diphasic, friction rub, synchronous with 
systole and diastole, was heard over the preeordium, No definite murmur could be 
made out. The liver was four fingerbreadilis below the right costal margin in the 
midclavieular line, and was smooth and tender. The spleen was two fingerbreadths 
below the left costal margin, and had a firm, round edge. There was moderate 
ankle and pretibial edema. The impression at this time was rheumatic heart 
disease, with mitral stenosis and congestive failure, and thrombophlebitis of the 
left internal jugular vein, with multiple infarcts in both lungs. 

A roentgenogram of the chest, showed that the cardiac shadow was enlarged 
in the transverse diameter and also toward the back, obliterating the rctrocardiac 
space in the region of the left auricle and ventricle. The maximum heart measure- 
ments were f>.7 cm. to the right and 11.4 cm. to the left: the transverse diameter 
Of the chest was 30.4 cm. The general appearance suggested mitral valvular 
disease. Multiple, dense shadows were scattered throughout both lungs, particularly 
wjf lower lobes: these were as infarct*? (Fig. ]). 

The electrocardiogram showed a sinus tachycardia of 120 per minute There 
nere marked r.gl,t axis deviation and inversion of the T wave in Lead IT The 
1 I. interval and QR.S time were within normal limits. 

The Wood Wnssennnnn and Kahn reactions wore negative TTrinn n „ n i,. c : c 
not lung abnormal. The nonprotein nitrogen of the blood was 45 * mg. per cent. 
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The icterus index was 25. On June 5, 1941, the erythrocyte count and hemoglobin 
were normal. There were 9,200 leucocytes, of which S3 per cent were neutrophiles. 
On June 13, 1941, the leucocyte count was 25,500, with S4 per cent ncutroplules. 
A blood culture was negative. 

While in the hospital, the patient continued to have a low-grade fever, and 
showed little response to digitalization and mercurial diuretics. The swelling in 
the left supraclavicular and infraclavicular regions subsided to a large degree, 
and a firm, tender, cordlike structure was palpable beneath the left sternomastoul 
muscle. The cough became more frequent, and there were copious expectoration 
of bloody sputum and severe pain in the lower ribs. The patient became stuporous, 
lapsed into a muttering delirium, and died June 17, 1941. 

The autopsy was performed by Dr. J. G. Pasternack, pathologist. 
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base of tl.fi valves there was marked fi t 1 ' ,n ‘ ° n ''1^^ ” ^ ^ r ^ l < e n ^ n re 

markedly sclerosed, as were tl.fi ap.ces of tl.fi pap • • f markedly 

r p ’ p p- :r -- 

atheromatous changes in the aorta. Tl.e finronary artcr.es were patent. 



Kim 'j, — Dissection showing massive thrombosis of left internal jugular vein. 


Tliore was massive tltroniliosis of tl.fi loft internal jugular vein from till’ l.asfi 
of the skull to its junction with the l.'ft suhcltivian vein (Fiji. 12). It was » cm. in 
.liumeter in its lathes! part. The thrombotic. process extended for it short distance 
into the lcfl innominate and subclavian veins, and also involved the thoracic duet. 
The thrombus in the internal jugular vein in its most distal portion was well 


organized, and inseparably fused with the wall of the vein for a distanee of about 
1 cm. upward. Beyond this point the organization was recent, and the thrombus 
could be separated from the vessel wall. The blood dot was apparently old. 

The lungs together weighed l.-Vx) grams. The pleural surfaces showed old and 
rc.-ent fibrosis. Numerous firm infarcts were present in all the lobes of both lungs. 
On section, infarcts of various sizes, from less than 1 cm. to masses (i cm. bv 
lb on,, were found throughout both lungs. Some were old and partly organized- 
others were red and hemorrhagic, and apparently of recent origin. The liver 
weighed grams. On section the hepatic parenchyma showed an advanced 

nutmeg appearance. 
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Itl'SSKK AXD ABBOTT: RHEUMATIC THROMBOPHLEBITIS 

The :m:itoinii’. diagnosis was chronic rheumatic valvulitis, mitral and aortic, 
massive thrombosis of the left internal jugular vein, multiple infarcts of both 
lungs, old and recent, bilateral tibrosanguinous plouritis, chronic pleuritis on the 
right, hvdropericardium, and hydroperitoneum. 


MICROSCOPIC EXAMIXATIOX 

There were extensive areas of old and recent infarction in the lungs, and, in 
some sections, necrotic parenchyma in the process 01 suppuration could be seen. 
The heart showed old endocardial and pericardial fibrosis. Xo fresh vegetations 
were found on the heart valves. There were extensive, irregular, interstitial 
fibrosis and foci of old scarring in the myocardium. 

Tim internal jugular vein showed massive thrombosis and thrombophlebitis. 
The normal architecture of the wall was entirely destroyed. The inflammatory 
reaction varied in different areas. Stretches of the intima showed thrombonocrosis 
and merged inseparably with the thrombus. In certain areas there was a granulating 
eudophlebitie reaction, with more or less marginal organization of llie thrombus. 
The media and adventitia showed extensive, active fibroplasia, fibrosis, and capil- 
lary vascularization. Here and there the vasa vnsorum and capillaries showed 
fibrinous and fibrinopurulent thrombosis, massive thrombonecrosis, and granulating 
and fibrosing thromboangiitis, with recanalization or complete occlusion of the 
lumen. In some ureas small blood vessels showed fibrinoid degeneration of their 
wall and perivascular fibroplasia, with dense infiltrations of plasma cells, monocytes, 
and oosinophiles. There were occasional, small, pseudogranulomatous foci formed 
of hypertrophied fibroblastic cells, plasma cells, and lymphocytes. A small central 
blood vessel, showing fibrinoid degeneintion or fibrosis of its wall, was usually 
present. In other similar lesions the associated blood vessel showed fibrosing 
pseudogranulomatous panangiitis, with perivascular fibroblastic mantling and in- 
lilt rat ion of plasma cells, monocytes, and eosinopbiles. These lesions were regarded 
as fibrosing Aschoff nodules. Some of the nodules were more typical than others 
f Figs. .'! and I). 

COMMEXT 


Most authors have hesitated to accept the occurrence of venous throm- 
bosis in rheumatism as secondary to definite phlebitis of rheumatic na- 
ture. This has been particularly the case when the thrombosis, was ob- 
served as an incident to an apparently quiescent stage of the disease. 
Welch, among others, considered recent joint symptoms or active en- 
docarditis essential to the diagnosis of rheumatic phlebitis, and, since 
be found a low incidence of both in his series, minimized the role of 
rheumatic infection. Sladen and Winternitz. likewise, believed that 
rheumatic phlebitis should be closely related to the active rheumatic 
state. Nevertheless, the chronieily and recurrent nature of rheumatism 
led them to acknowledge the possibility of a persistent focus within the 
vein which might ultimately lead to thrombosis. This concept is strength- 
ened by the observations in our case, in which active carditis was'ab- 

sent at autopsy and joint symptoms bad preceded venous thrombosis In- 
itially years. 

Although it is true that venous thrombosis is a nol infrequent, compli- 
cation of congestive heart failure, the latter is not a primarv factor in 
a l rheumatic eases. Kemlingor’" has described a case of extensive venous 
thrombosis assented with acute articular rheumatism, without carditis 
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Voelcker 11 likewise observed involvement of the femoral and saphenous 
veins in a case of chorea without apparent heart disease. These observa- 
tions, together with the histologic changes described herein and pre- 
viously recorded by Perry, indicate that rheumatic infection, per sc, 
may be responsible for venous thrombosis. 

It has been shown that the entire arterial system, from the aorta to 
the smallest of its ultimate divisions, may be involved by the virus of 
acute rheumatic fever. 12 ’ 13 The recognition of specific rheumatic lesions 
in the venous system tends further to emphasize the fact that widespread 
vascular damage may occur in this disease. 


SUMMARY 

1. A case of massive thrombosis of the left internal jugular vein com- 
plicating rheumatic heart disease is presented. 

2. The histologic changes indicate that thrombosis was secondary to 
a definite phlebitis of rheumatic nature. 

3. The absence of other clinical and pathologic signs of acute rheu- 
matism strongly suggests that active infection persisted within the vein 
wall long after the acute phase of the disease had passed. The occur- 
rence of venous thrombosis months or years after acute rheumatism, 
therefore, does not necessarily exclude the possibility of an underlying 
rheumatic phlebitis. 
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POLYPOID THROMBUS OF THE LEFT AURICLE, 
WITH REPORT OF A CASE 


Mark E. Maun, M.D. 
Detroit, Mich. 


T HE recent literature 1,2,3 furnishes a few ease reports oi tumor 
masses of the auricles, most of which have been accepted as myxomas 
arising from the auricular septum. In the following ease report the 
history is similar to that of previously reported myxomas, but the 
anatomic interpretation differs from that oi other reported cases. 


CASE REPORT 

The patient entered the University Hospital* April Hi, 3041, complaining of weak- 
ness, difficulty in walking, and speech defects. Since the patient was unable to speak 
distinctly and, in addition, understood and spoke English poorly, the history was not 
eomplete. The symptoms apparently began four months before the patient s admis- 
sion to the hospital; first there were stiffness of the left mind and pain in the left 
shoulder. Then a speoeh defeet developed: it was noted that the patient seemed to 
drag his words. During the second month of his illness the patient had two periods 
of unconsciousness; tin* nature of the attacks was not known. In the following 
months some disability of his upper extremities developed. No further history was 
obtained. 

Physical examination revealed that the patient was not acutely ill. The tem- 
perature w.as 0S° E„ the pulse rate, 8(1, the respiratory rate, 20, and the blood pres- 
sure, 104/78. A marked arcus senilis was present. The pupils were slightly irregular, 
reacted slowly to light, and were constricted. The fundi were normal. A loud 
presvstolie murmur was heard over the precordium; it was loudest at the apex and 
along the left sternal border. A thrill could be palpated at the apex of the heart. 
Moist inspiratory rales were noted at the bases of the lungs. Abdominal and rectal 
examination was negative. A hydrocele was present on the right. 

Neurologic examination revealed that the patient responded slowly and poorly. He 
walked slowly, with a broad base, but there was no evidence of hemipnresis. The 
extraocular movements were normal save for a slight nystagmus on looking to the 
right. The right angle of the mouth was pulled back less than the left, and there was 
some smoothing of the face. The tongue protruded in the midline and was not 
atrophied. The reflexes of the biceps and triceps were exaggerated bilaterally, but 
more on the left. Hoffman's sign was positive on the left. There was some clubbing 
of the fingers, and there was marked spasticity of both upper extremities. The 
knee jerks were hyperactive, particularly on the left. The Habinski sign was 
negative. 

Routine laboratory examinations showed that the blood, the urine, and the stool 
were normal. The sedimentation index was l.i!.” mm./minute, with a hematocrit 
reading of .*U po r cent. The electrocardiogram showed a small, notched QRS com- 
plex in .all leads. Roentgenologic examination revealed that the skull was negative. 
Cardiac enlargement was present, and a minimal degree of infiltration wns'notcd 
in each apex. 

No d iagnosis was made of the neurologic condition, and (lie patient was trails- 
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ferred to the medical service for treatment of his suspected mitral rheumatic heart 
disease. The patient was digitalized and maintained on a dose of 0.1 Gm of 
digitalis daily. On this medication the moist rales in the lungs elearad up The 
final diagnosis was cardiac enlargement caused by mitral stenosis. Rheumatic fever 
was the suspected cause of the valve defect. Function was judged to he "rndc I. 
fhe patient was discharged from the University Hospital April 27, 3941 and advised 
to continue taking digitalis. 

The patient was admitted to St. Mary’s Hospital, Detroit, Aug. 27, 1041. Jt was 
learned from informants that the symptoms had become aggravated in the preceding 
four days. Information concerning the patient’s course during the interval could 
not be obtained, and the patient was too ill to question. 

Examination on admission to the hospital revealed a poorly nourished, extremelv 
ill person. The temperature was 99° F., the pulse rate, 9G, and the respiratory rate, 
20. The blood pressure was not recorded. The patient was dyspneic and cvanotic. 
The pupils reacted poorly to light. Numerous coarse rales were heard over both 
lungs. The heart was enlarged to percussion, but no murmurs were' heard. The 
patient had pronounced dependent edema and some ascites. The reflexes were hypo- 
active. The patient failed rapidly, and died several hours after his admission to 
the hospital. 

NECROPSY EXAMINATION 

The autopsy was performed ten hours after death. The body was that of a 
well-developed, rather poorly nourished, white man. Mild pitting edema of the 
lower extremities was present. Approximately 2,000 c.c. of clear serous fluid were 
found in the peritoneal cavity. There were 1,500 c.c. of serous fluid in the left 
pleural cavity and approximately 500 c.c. in the right. The pericardial sac. showed 
no abnormalities. 

The heart measured 1C cm. in its greatest width. The weight of the unopened 
heart, containing the tumor and a few blood clots, was 500 grams. Examination 
of the descending branch of the left coronary artery revealed a moderate degree of 
sclerosis, but no points of occlusion could be detected. The recurrent branch and 
the right coronary arteries were normal in appearance. The ventricular muscle 
was flabby, and examination of the surface made by cutting revealed in the interior 
half of the left ventricle numerous fibrotic patches measuring from 2 mm. to 5 mm. 
in diameter. No recent infarcts were seen. The root of the aorta was smooth; the 
right auricle and the right auricular appendage were normal. 

Examination of the left auricle showed that it was bulbous in character, and 
portions of a tumor mass protruded from the cut ends of the pulmonarj 'oins. The 
auricle was markedly dilated. Since the nature of the tumor was obvious, the left 
ventricle was opened and the tumor inspected through the mitral valve. It was 
seen to hang into the valve when the heart was suspended, and to slide to and fro 
in the auricle when the heart was manipulated ; this movement might, have occurred 
during the life of the patient. The left auricle was carefully opened along its lateral 
surface, and a soft, pale yellow, gelatinous tumor was seen almost filling the 
chamber. Erom the more firm central portions of the tumor, soft, friable, papillan 
processes protruded; many of these were easily broken from the tumor, even thong . 
it was handled gently. The entire mass was adherent by a narrow pedicle to >e 
auricular wall approximately 3 cm. superior to the initial iahe. The tumor ma.. 
measured approximately 10 cm. in its widest diameter and about 4 cm. ui n n 
Further examination of the heart revealed that all chambers were dilated. I he valves 
were normal in appearance, and the vena cava, which "as opened in it. entire . , 

The right lung weighed 790 grams, and the left, 019 grams; their pleural • • 

faces were smooth, and both organs were brownish in color. A large ainoun o 
fluid exuded from their cut. surfaces, and several infarcts were seen m the Inner 
lobes. The liver weighed 1,S24 grams, and examination of its cut surface reran led 
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!i marked decree of chronic passive congestion. The total weight of the hidm\s "a- 
\m grams. Their cut surfaces appeared congested, and a well-defined infarct was 
seen in the superior polo of the right kidney. The remainder of the organs wuc 
normal. Unfortunately, permission to examine (lie Iirain could not he obtained. 

The tissues were fixed in a 30 per cent solution of formalin and were stained with 
hematoxylin and eosin, Woigert ’s elastic tissue stain, van GiesonV slain, and 
Wilder’s silver stain. In addition, several stains wore used for mucin, including 
thionin, mucihcmatin, and Lillie’s tolnidine methylene blue.-* 




Examination of parafiin sections of the tumor showed that its papiliarv process 
uere covered by endothelium. In the hematoxylin and eosin stains the 1ml of the 
umor stained lightly with eosin tlIl d was relatively aeelluh Tim s o 
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... i i. ii.„ stroma was formed by delicate 
various points. Closer examination s \o\sc * ?ubptancc> y few giant cells of 
eosin-staining fibers embedded in a S ia >^ 1 S ^ , ind manv erythrocytes and a 
the foreign body type hugged the = vascu . J ^ tUc in!ltrix there were 

few lymphocytes were noted here and elliptical nuclei, with a 

a few large cells wlnclr , n ™ 77! cells was d, if, colt .. . 

moderate amount of chromatin. - , filled with an iron-containmg 
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about the pedicle. 
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Noel ions of the lungs mid liver showed advanced chronic passive congest ion, and 
there were large areas of necrosis about the eentroi veins of t ho liver. Sections of 
the spleen and kidneys revealed a moderate degree of passive congestion. No changes 
were noted in the small arterioles of the kidneys. 



Fit-'. — .Section taken from periphery of tumor. 


Hematoxylin and eosln stain. x"r,. 



Fig. f,. —Section taken from periphery of tumor. 


Hematoxylin and ro.^Jn <?tn In. 


xion. 
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DISCUSSION 

Examination of this tumor indicated that the mass was not a myxoma, 
but was a, pedunculated mural thrombus undergoing organization and 
retrogressive changes. The following is the evidence in favor of this 
thesis. 

1. The observed coronary sclerosis, myocardial fibrosis, and cardiac 
hypertrophy, accompanied by congestive heart failure, may explain the 
formation of a thrombus. 

2. The presence of injury to the auricular wall at the site of attach- 
ment of the pedicle is suggestive of a pedunculated mural thrombus. 

3. The arteries of the auricular wall showed disuse atrophy, which 
would not be expected if a myxoma were growing from this site. 

4. The structure of the pedicle and the central portion of the mass 
was that of an organizing thrombus, whereas the bulk of the tumor 
showed retrogressive changes. 

5. The tumor failed to show the histologic features of a myxoma, nor 
did it give the characteristic stains for mucin. 

The differences between organized thrombi and true myxomas have 
been discussed in several publications. 1 In the majority of the previous 
case reports, detailed studies of the pedicles of the tumors have not been 
recorded, but coronary sclerosis, with areas of myocardial fibrosis, has 
been seen. 2 Since the history and the gross appearance of the tumor 
were similar to the history and gross appearance in many previously 
described cases, it is possible that some of the auricular masses may not 
be true myxomas. Careful study will probably show that many 
pedunculated tumors of the auricles are, as Warthin has shown/ organ- 
izing thrombi. 

SUMMARY 

1. A primary tumor of the left auricle is reported. 

2. Anatomic studies of the tumor would indicate that the mass v, as an 
organizing thrombus originating from the interauricular septum. 
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ELECTROCARDIOG 

THROMBOSIS 


IiAMS SIMULATING those of coronary 
AFTER CESSATION OF PAROXYSMAL 
TACHYCARDIA 


Arthur .1. Geiger, M.D. 

New Haven, Conn. 

T HE occurrence of transient abnormalities of the T wave of the 
electrocardiogram after the cessation of paroxysmal tachycardia has 
recently been emphasized by Campbell 1 in a report of several instances 
in which some flattening, and even inversion of this deflection was noted 
for days after paroxysms, in subjects who gave no other evidence of 
cardiovascular disease. The earliest allusion to such phenomena ap- 
pears to be that of Graybiel and White, 2 who briefly mentioned two in- 
stances in a report dealing with inversion of the T waves associated with 
a variety of essentially noneardiac disorders. 

We have encountered such abnormalities on two occasions in a subject 
whose several electrocardiographic abnormalities were so extreme in 
degree and prolonged in duration that the case was considered suffi- 
ciently remarkable to be placed on record. 


CASE REPORT 

M. T. (Unit No. ]St>2i>). a ."S-year-old policeman, ale a largo dinner of corned 
beef, cabbage, and turnips, and immediately afterward developed epigastric distress, 
together with rapid beating of the heart and n mild smothering sensation. His 
symptoms, which persisted throughout the night, wore not sufficiently disturbing to 
prevent bis spending the evening out with friends and indulging in several highballs 
and a midnight luncheon, but lie slept poorly sifter retiring. The next morning lie 
visited bis doctor, who administered a white pill every three hours, hut the tachy- 
cardia persisted all day, and the patient grew sufficient!}’ uncomfortable to apply 
for admission to the New Haven Hospital, on Jan. 23, 1932. 

The patient had not had similar symptoms before, and he had always considered 
himself in vigorous health. He smoked in excess of n package of cigarettes daily. 

Examination in the hospital revealed a youthful-appearing man with slight 
cyanosis of the lips, hands, and feet. The neck veins were slightly distended in the 
sitting position. The heart sounds were of good quality, but the rate was extremely 
rapid, and a pulsation synchronous with the heart beat, was visible in the epigastrium. 
The blood pressure \fas 93/SO. The edge of the liver reached about 3 cm. below the 
costal margin. A few rfiles were heard in the base of the right lung. The electro- 
cardiogram confirmed the clinical impression of paroxysmal tachycardia: the ven- 
tricular rate was 2.00 (Fig. 1, A). The leucocyte count was 33.S00, with SO per cent 
polymorphonuclear cells. The temperature was 101° F. bv rectum. 

Pressure upon tlic carotid sinus region, eye balls, and epigastrium did not in- 
fluence the heart rate, and vomiting induced by ipecac was also ineffectual. Quinidine 
sulfate was administered orally, therefore, in a test dose of 0.2 Gm., followed bv 
anc,tllcr doso of °- 2 Gnl - in ninety minutes. A third dose of 0.1 Gin., given three 
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Fig. 1. — Leads I, II. and III from left to foVtv l four 'lioiir^ ^R ami C were ol>- 

with a rate of 230; the paroxysm lasted about f o 1 *.° VL. m ; n • . 1 1 o n of the paroxysm, 

tained on the first and second days respectiyel> aft r t tW( . n ty-third, and thirty- 
and D, E, F, and G were obtained on the nlntli. sixicemo. 
seventh days. respectively, after termination of the attach. 








. I^ l <Is I. II, III and I\ 1*' from loft to rlKht. /I allows purox venial tachv- 
Xi ini 1 i 5 T ,lt0 °f * L 9° : i tho » ,mroxyj,,n ,nv ’ tc ‘< 1 »* U‘ast nim; hours (not longer than 

D nnd F worr nht±« n : Ml } vlthl , n an . ,,0 « r of termination of the paroxystn, an 1 C f 
nnu i? were obtained twelve, twenty-six, and forty days later. 

Just prior to the patient's discharge, on the following ,1ay, a routine electro- 
cardiogram was obtained (Fig. ], ]!), and this unexpectedly revealed T waves of 
an unusually wide and deeply inverted contour in Leads II and JIT, with si i Hit 
depression of the associated RS-T segments; additional features of interest were 
low amplitude and deformity of the P waves, and abnormally long Q-T duration: the 
value for “k" was 0.509, as against the normal maximum value of 0.302a \\. 

riatient .1 c ; w, "*“ r,lio K ra P , »«'- <>'« question of coronary thrombosis, .be 

patient had already loft the hospital, and insisted on continuing his normal aotivitv 
or he felt entirely well. He agreed, however, to present I^lf T 
-animations, and during the ensuing thirty-five days the five additional electro 
cardiograms shown in Fig. 1 were obtained. It is no oworlbv ' ' 

".'c T waves persisted throughout this iieriod buttbo? a ^normal, tios.of 
diminished gradually the P wives i, n ,.., ’ ■ ^°P 1 ^ l0 inversion 

<1-T duration rogreo’d to II, o lo'tv "" 
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Ten years later, on the morning of Sept. 25, 1942, the patient walked into the 
emergency room with another paroxysm of tachycardia which had been present on 
arising that morning. He complained only of palpitation and faintness. Except 
for two brief attacks of palpitation several years before, he had been in seemingly 
excellent health during the decade between visits. The blood pressure was 95/GO, the 
edge of the liver was several centimeters below the costal margin, and a few rales 
were heard in the base of the right lung. The electrocardiogram (Fig. 2, A ) con- 
firmed the diagnosis of paroxysmal tachycardia of supraventricular origin. Again, 
after several hours of rest, during which repeated trials of the usual pressure maneu- 
vers failed to terminate the paroxysm, 1 Gm. of quinidine sulfate was given in divided 
doses over a period of about three hours. "Within half an hour after the last dose, 
and not less than nine hours after the onset of the paroxysm, normal sinus 
mechanism suddenly returned, and the patient was quickly relieved of .his symptoms 
and signs. Again, the posttaehycardia electrocardiogram (Fig. 2, Ji) ."showed pro- 
nounced inversion of the T waves in Leads II and III, with flattening in Lead I; 
and again the P waves were deformed and the Q-T duration abnormally long, with 
“K” equal to 0.535. 

The patient was discharged the same day, and advised to take 0.2 Gm. of 
quinidine three times daily for two days. He returned to work immediately, but again 
cooperated in a protracted electrocardiographic follow-up study of his case. The 
three records subsequently obtained at fortnightly re-examinations over a forty- 
day period again showed persistence of the abnormalities for at least twelve days, 
with ultimate restoration of normal P and T waves and Q-T segments in the tracing 
taken on the twenty-sixth day after the paroxysm (Fig. 2). The patient continued 
asymptomatic and actively at work. The blood pressure was consistently about 
115/75, the heart remained normal to auscultation, and the cardiac configuration and 
size were still normal on fluoroscopic examination at the time of the last electro- 
cardiogram. . 

- COMMENT 


Because auricular paroxysmal tachycardia is encountered commonly 
in young adults, often under conditions of stress, but usually in the 
absence of demonstrable heart disease, its relatively frequent occurrence 
in military and wartime industrial life is to be anticipated. Since the 
more severe attacks draw attention to the heart, and may sometimes 
simulate coronary thrombosis clinically, the fact that the elect locaidio- 
gram may be grossly abnormal for days and weeks after the attack nun 
mislead the physician into a diagnosis of a grave myocardial lesion; in 
fact, one of Campbell’s cases was that of a member of the Royal Air 
Force who had been hospitalized for six weeks under the suspicion oJ 
“myocarditis.” 

The striking prominence and depth of the T-wavc abnormalities and 
their long persistence after acute cardiac attacks might readily lead to 
an erroneous diagnosis of myocardial infarction, with the nnposi wi 
of an unnecessarily long convalescence, the pronouncement o a nccc 
lesslv bad prognosis, and perhaps ill-advised retiiemcnt 101,1 nc 
service. That such a diagnosis is untenable in the case described would 
appear certain from the fact that the patient had no cardimascui.u 
symptoms whatever in the ten years between the two recorded attacks, 
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that the clinical cour.sc after each attack was not that of acute coronary 
thrombosis, and that the normal electrocardiographic pattern was not 
only entirely restored, but was regained in too short a time for myo- 
cardial infarction to have occurred; moreover, detailed study of the 
abnormal records reveals certain differences between them and the 
classical picture of acute myocardial infarction, such as depression of 
the RS-T segments in the leads with inverted T waves, and failure of 
abnormal Q waves to develop. 

How may these extraordinary abnormalities bo explained? Although 
quinidine is known to produce changes in the final deflection of the 
ventricular complex, the brief exhibition of the drug and the small doses 
given this patient cannot account, for the persistence of the abnormalities 
over a period of weeks. One may offer the hypothesis that the changes 
resulted from myocardial ischemia associated with a sharply diminished 
cardiac output during the many horn’s of the unusually high ventricular 
rate of the paroxysms. A common antecedent factor in the few reported 
instances of those strange effects has been the relatively long duration 
of the paroxysm that preceded them. A causal relationship to time 
is suggested by the observation in our case that the abnormalities re- 
gressed about twice as rapidly after the second paroxysm, which was less 
than half as long as the first. The persistence of the abnormalities for 
several weeks would seem to imply that some injury to the heart muscle 
had occurred, but the ultimately complete electrocardiographic and 
clinical recovery suggests that the injury was of a reversible nature, and 
did not lead to death of tissue. Whatever the true explanation, the 
evidence at hand would indicate that the electrocardiographic develop- 
ments represent a transient and probably benign incident associated 
with paroxysmal tachycardia, and their recognition should prevent a 
too ready and dogmatic diagnosis of coronary thrombosis. 

Last, but not least, another cause for inversion of T waves must be 
added to the already long but still growing list. 

SUMMARY AND CONCLUSIONS 

Pronounced electrocardiographic abnormalities simulating myocardial 
infarction, and lasting for several weeks, were encountered in two series 
of electrocardiograms taken after attacks of paroxysmal tachycardia 
in a man who appears to have no structural disease of the heart. The 
abnormalities probably represent benign, functional changes, and they 
should not be mistaken for evidence of coronary thrombosis. The 
observations add another item to the list of causes for abnormal T waves. 

ADDENDUM 

Since the acceptance of this paper for publication, two other relevant 
reports have come to the author’s attention. The first was that of P 
Oossio and Ins associates (Rev. argent, dc cardiol. 8; 168, 1941), and 
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the other was a case report by G. M. Currie (Brit. Heart J. 4: 149, 
1942). Of the five patients described, one died, and necropsy revealed 
some cardiac dilatation but no abnormality of the coronary vascular 
'system and no focal myocardial lesions. 
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Essex, H. E., Herrick, J. F., Mann, F. C., and Baldcs, E. J.: The Effect of 
Atropine on the Coronary Blood Flow of Trained Dogs With Denervated and 
Partially Denervated Hearts. Am. ,T. Physiol. 138: 6S3, 19-13. 

In the present study, the response of the coronary blood flow and heart rale lo 
atropine sulfate 1ms been observed after the following operative procedures: (1) 
right and left sympathetic gnnglionectoniy from the eighth or ninth intercostal space 
anteriorly, including the stellate ganglion; (2) double vagotomy in the neck; (2) a 
combination of procedures 1 and 2. In the absence of the sympathetic nerves, as in 
procedure I. ntropine caused increases of 25 to So per cent in coronary flow, and nil 
increase in pulse rate of a similar magnitude. Atropine was without effect on the 
coronary blood flow, heart rate, or Mood pressure of vagotomized animals, or an- 
imals with denervated hearts. It may he concluded that the increased coronary 
blood flow following injections of atropine is not owing to a direct effect of the 
drug on the wall of the blood vessel, nor is it due to changes of blood pressure. The 
augmented coronary flow follows the inhibition of vagal tone, and is associated with 
the resulting increased cardiac rate. When nil of the evidence is considered, it. is 
difficult to escape the conclusion that the increased heart rate itself is responsible 
for the increased coronary blood flow following administration of atropine, but tbe 
mechanism by which it is accomplished is not apparent. 

Authors. 


Fochin, E. E.: Edema Following Ischemia in the Babbit’s Ear. Clin. Sc. 4: 34], 

1942. 

If the circulation to the rabbit’s car is arrested for eighteen hours and then re- 
leased, massive edema develops within two hours. 

The edema may subside in a few weeks, or, when ischemia has been at a higher 
temperature or has been of longer duration, it may terminate in dry gangrene. 

The protein concentration in the edema fluid is initially about 5 per cent, but 
falls progressively. 

Author. 


Bevy, H., and Boas, E. P.: Angina Pectoris and the Syndrome of Peptic XJlccr. 
Arch. Int. Med. 71: 301, 1943. 

Certain relations between the syndromes of angina pectoris and peptic ulcer nre 
described. It is suggested that neurogenic mechanisms mediated by the vagus nerve 
urc concerned in this association. 

Authors. 


Garvin, C. F.: Cardiac Cirrhosis. Am. .1. M. Sc. 205: 515, 10 ];;, 


Of 790 consecutive, adult, autopsied patients who 
five (4.4 per cent) had cardiac cirrhosis. Only those 
there was actual architectural distortion of the liver. 


died of heart disease, 
cases were included in 


tliirty- 

which 
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Cardiac cirrhosis occurred essentially in two types of heart disease, viz., rheumatic 

S casir t6en ° f 119 CaS6S) ' ll>TCrtensiV ° llCart discaSG (*»**» of 

From a clinical standpoint, there was a tendency for the cases of cardiac cir- 
rhosis to be associated with multiple episodes of failure, ascites, splenomegaly and 
m the rheumatic group, with tricuspid stenosis. In live of the thirty-five cases stud- 
ied the diagnosis was suspected clinically, it appears that there are no definite 
criteria, however, which permit the consistent clinical diagnosis of cardiac cirrhosis. 

Author. 


Cooke, W. T., and White, P. D.: Paroxysmal Ventricular Tachycardia. Brit Heart 

J. 5: 33, 1943. 

The authors have reported twenty-seven cases of ventricular paroxysmal tachy- 
cardia. Twenty-four of these were found in a review of 51,000 plates and films taken 
on about 25,000 patients in the Cardiographie Laboratory of the Massachusetts Gen- 
eral Hospital, over a period of twenty-five years, from 1914 to 1939. , ,, 

The criteria for diagnosis were the electrocardiographic findings. Fulfillment of 
any one of the following four points justifies the diagnosis. 

1. The presence of P waves at a slower rate than that of abnormal., QBS waves 
during the paroxysm of tachycardia. 

2. A paroxysm of abnormal ventricular complexes, that is, three or more, occurring 
during auricular fibrillation. 

3. The onset of tachycardia with an abnormal ventricular complex. 

4. Close resemblance of the complexes of ventricular premature beats to the com- 
plexes occurring during paroxysmal tachycardia. 

Coronary heart disease was present in twenty-two of our twenty -seven cases; four 
had apparently normal hearts; and one was thought to have a congenital ventricular 
septal defect. There were seventeen males and ten females, the youngest being aged 
18 years and the oldest eiglity-one years. 

Digitalis had been administered to thirteen of the twenty-seven cases before the 
onset of tachycardia. It was probably the chief etiological factor in at least five 
of these cases. 

It is suggested that abnormalities of the ventricular complexes of premature beats 
are responses to stimuli arising in the A-V node or bundle or main branches, at a 
point in the cardiac cycle when the conducting tissues are still partially refractory. 
The onset of ventricular tachycardia was generally in the part of the cycle that has 
been associated with the supernormal phase. The mechanism of ventricular tachy- 
cardia with alternating complexes may be due to abnormalities in conduction along 
the bundle branches in response to impulses arising in the A-V node. 

The prognosis is generally, but not always, poor. Only two patients with coronary 
heart disease survived longer than two years from the first attack. Five patients 
with hearts otherwise normal have survived to date, periods varying from two to 

fifteen years. . , 

Quinidine or quinine should be used in adequate dosage in the treatment of the 
attack, being given either by mouth, intramuscularly, or intravenously. Quinidine 
sulfa’te is most conveniently given by mouth in the dosage of 0 to 9 gram. r ' 
two hours for five to six doses, under close observation and preferably witli electro- 
cardiographic control. If quinidine fails, quinine dihydrochloride, grains 7 , z sub- 
cutaneously, every two hours, is recommended to stop the paroxysm, and even to save 
life. A daily maintenance dose of quinidine by mouth (3 grams of the sulfate, four 
times a day) may be continued for prophylactic purposes for an indefinite time. 
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Ungerleider, H. E., and Gubnor, Extrasystoles and the Mechanism of Palpita- 
tion. Tr. Am. Thernp. Soc. 41: 1, 1942. 

An analysis was made of 1,142 cases with extrasystoles in order to determine 
their clinical significance. In 5S per cent, no objective evidence of heart disease 


was found. 

Ventricular extrasystoles occur with considerably greater frequency than supra- 
ventricular premature contractions, and in the presence of heart disease there is a 
still greater preponderance of ventricular premature contractions. 

Several factors, which are discussed, increase the significance of premature beats. 
Among these are the occurrence of premature beats of multifocal origin; frequent 
and persistent premature bents, particularly if they occur successively in short runs 
interrupting the regular rhythm; a definite increase in the number or shower of extra- 
systoles immediately following exercise; occurrence of premature contractions in the 
presence of a rapid heart rate; inversion of the T wave in the regular beat which fol- 
lows the extrasystolo ; and post ext rasvstolic pulsus altcrnns. 

Palpitation is a very common symptom often associated with exfrnsystolos. It 
has been generally attributed to an increased forcefulness of the regular beat fol- 
lowing the premature systole, but several reasons arc presented which indicate that 
this explanation is not tenable. It is suggested that palpitation occurring with pre- 
mature contractions or tachycardia is due to, or associated with, an increased in- 
tensity of the first heart sound resulting from a more forcible closure of the nrterio- 
ventricular valves. The symptom of palpitation is of no particular significance, and 
occurs in normal subjects as well as in those with heart disease. 

Authors. 


Campbell, M.: Partial Heart Block With Dropped Beats. Brit. Heart .T. 5: 55, 

1943. 

Partial heart block with dropped beats is nearly always transient, so that it is 
rare to find a patient in whom this rhythm can be expected as a usual or oven a com- 
mon finding. 

At one time or another it was observed in nearly one-sixth of a series that in- 
cluded all types of heart block, but this gives an exaggerated idea of its frequency 
because it was generally transient and of short duration. 

In two-thirds of the cases (twenty-five out of thirty-eight) there was a known 
cause, active infection or treatment with digitalis. In fourteen the cause was an 
acute infection, in five it was treatment with digitalis, and in six both causes com- 
bined. As would be expected, acute rheumatism was the most common infection (nine 
of twenty cases) ; but tonsillitis, without any- suggestion that it was rheumatic, was 
often found. 

The patients with dropped beats due to infections were mostly between IS and 
34 years of age. The outlook in this group was surprisingly good and the patient 
often recovered, even to the stage of a normal P-R interval. As an exception, the 
simultaneous association of tonsillitis and hyperthyroidism with dropped beats seemed 
of grave significance. 

In the remaining third (thirteen cases) there was chronic heart disease and no 
very obvious reason why the dropped beats should have been found at the time they 
wore, for here, too, they were generally transient. These were older patients, nearly 
all well over CO years of age: all had chronic heart disease; high blood pressure 
and coronary atheroma were each the etiological factor in one-third, and in the re- 
maining third there was myocardial disease without evidence of either of the=c 
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, lE f me de S ree of heart block generally remained in the group of older 

T p , ■ r z 2:1 w b,Mt - ■* “"■”>«» «' ns „,; it l :i :“i; 

7 . This n as not so with the younger patients. Complete heart, block also was 

uncommon in the group of younger patients with infections, but was present at some 
ime m about one-fourth of the older group. The regular sequence of dropped beats, 
-.1 heart block, and, finally, complete heart block were observed, but were rare. 

The length of the P-E intervals was also studied. Progressive lengthening, but 
with a decreasing increment, was the rule, the increase of the second P-E interval over 
the first being much larger than the subsequent increases. There were, however ex- 
ceptions. In about one-eighth of the cases with dropped beats, these came without 
any gradual lengthening of the P-E interval (Hay’s depression of excitability); 
these patients were mostly older ones with chronic heart disease. 

For each grade of heart block up to a dropped beat after six responses, there 
were enough records to give some average figures, which are as follows: 


3:2 heart block; 0.23, 0.35 second, dropped beat 

4:3 heart block; 0.23, 0.30, 0.35 second, dropped beat 

5:4 heart block; 0.23, 0.285, 0.32, 0.35 second, dropped beat 


It must, however, be repeated that these are only the average of figures that 
varied widely in the different cases. It is strange that the average and the range 
of the P-E intervals between the first response after and the last response before the 
dropped beat should be so constant, whether there is one dropped beat to three, four, 
five, or six responses. This finding and some of the other points that have been 
discussed suggest that the defect of conductivity is generally the condition which 
makes heart block likely, but that something else, probably excitability, decides if 
there will be block, and, if so, of what grade it will be. 

Author. 


Carrillo, E. G.: A ratal Case of Tachycardia and Paroxysmal Dyspnea in an 
Infant. Eev. argent, de cardiol. 9: 247, 1942. 

The observation is recorded of an infant whoso death, after a few hours of illness, 
seemed to be due to acute pulmonary edema. A great cardiac acceleration to 214 
per minute was present clinically, and clectrocardiographically resembled supra- 
ventricular paroxvsmal tachycardia. 

Author. 


Walker, C. W.: Pregnancy and Labor in a Case of Congenital Coarctation of the 
Aorta. Brit. M. J. 1: 190, 1943. 


The decision to allow labor to continue rather than have early recourse to cesarean 
section was prompted by the following considerations: The patient felt strong and 
veil, was calm and confident, and was anxious to make the attempt; the infant .. 
mail and its presentation normal (L.O.A.), so that its passage mig i leusonn > 
expected to be P an easy one; the early progress of cervical dilatation = roe r 
htigue and cardiac distress. In spite of these favorable circumstances the labor 
iad to be stopped as soon as second-stage pains set in, as it 

ens ion in the upper circulation was being dangerously raised. With a fu1tc " 

hild, a less favorable presentation, a maternal heart having less reserve o, r m he 

iresence of more distressing first-stage pains, the danger point nug i v, • 

efore dilatation was complete and delivery possible. his «mg 

ear that in cases of coarctation of the aorta, however favorable, the obstetrical 

rocedure of choice is cesarean section at the onset of labor. 


Author. 
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Hansen, A. E, Platon, B. V., and Dwan, P. F.: Prolonged Use of a Sulfonamide 
Compound in Prevention of Blieumatic Becrudescences in Children: An Eva na- 
tion Based on a Four-Year Study on Sixty-Four Children. Am. .7. Dm. Child. 


64: 963, 1942. 

A sulfonamide compound (sulfanilamide or, in « few instances, sutfathinzole 
or sulfadiazine) was administered to 53 different children for a total of 78 season 
eases to determine their value in preventing the occurrence of active rheumatic cycles, 
and the results were compared with those observed in 32 control children followed 
for a total of 46 season eases. All subjects studied were between 3 and 16 years 
of age, and had had essentially similar histories as regards previous rheumatic 
episodes, degree of cardiac involvement, and social status. These children were 
observed under conditions which closely approximate those encountered in the private 
practice of medicine. Only two of the 53 children in the group treated with a 
sulfonamide compound experienced a rheumatic llare-up, and in one this oeeurrec 
within six days after the use of the drug was begun. On the other hand, 17 of the 32 
children in the control group had a total of 21 rheumatic recrudescences. Eight of 
these recurrences were considered moderately severe: seven were mild, and in six of 
the subjects attacks of chorea were noted. In addition, the treated patients seemed 
favorably affected as regards the trend in degree of cardiac involvement, size of the 
heart, and functional classification. No difference was noted in the number of in- 
fections of the upper respiratory tract in the two groups, whereas the treated patients 
as well as the patients in the control group gained, and from a clinical viewpoint 
tended to be in better condition. Toxic manifestations due to the drug and disturb- 
ances in blood cells were seldom encountered, although during the fourth season the 
use of sulfathinzole was discontinued for one patient when the number of leucocytes 
dropped to 1,700. Improvement in the electrocardiographic tracings, though sugges- 
tive in several instances, could not be attributed to the effects of the drug alone. 
There was no evidence that the sulfonamide compounds produced changes in the 
electrocardiograms which may have been interpreted as being deleterious. 

Although this series of cases is relatively small, the results are consistent, and, 
when interpreted in the light of observations of other invest iga tors on this subject, 
appear to justify further study of the practical value of sulfonamide compounds in 
preventing rheumatic recrudescences. This appears to be especially true when we are 
aware that this disease is one of the major causes of disability and death in children 
of school age in the temperate zone. Caution should be the rule, and each child so 
treated should be under the care of a scrutinizing physician at all times. 


Authors. 


Hansen, A. E.: Conditions Causing Confusion in the Diagnosis of Bheuniatic 
Fever in Children: Analysis of Diagnoses Made by Practicing Physicians in 
271 Bheiunatic Subjects. J. A. M. A. 121: 9S7, 1943. ' 


In the attempt to determine which disorders in children tend to be confused 
diagnostically with rheumatic fever, a study was made of the diagnoses given by 
practicing physicians and resident staff members with regard to 271 children witli 
rheumatic fever who were admitted to the inpatient and outpatient cardiac disease 
clmic of the Department of Pediatrics of the University, of Minnesota from 192S to 
1941. There was essential agreement in diagnosis in two-thirds of the cos c« Jteview 
of the records of the remaining cases revealed that the conditions which caused most 
difficulty in the diagnosis of rheumatic fever under these conditions were: abdominal 
pain with possible appendicitis (about one-fourth of the cases studied)- acute 
•interior polKunyelitie, o.„,c .Me.myolitii, ; ervtliemnt.™ or pnrpnric ekin' e roptio 
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evidences of acute nephritis; acute fulminating illness (sepsis, pneumonia, subacute 
bacterial endocarditis) ; low-grade infections; and nervousness in mild chorea minor 
n order that the advantage gained by the early diagnosis and treatment mav be 
realized to the fullest extent, the physician who is called on to care for children 

should be thoroughly familiar with the various and diverse manifestations of rheu- 
matic fever. 

Author. 


Quinlan, J. T.: Sudden Death in Unsuspected Rheumatic Carditis. Brit M T 
2: 695, 1942. 

A case of rheumatic carditis occurring in an apparently healthy infant, age 2 years 
8 months, is recorded. The post-mortem examination of the heart showed general 
enlargement as well as rheumatic mitral and tricuspid valvulitis. The finding of 
characteristic Aschoff bodies was accepted as proof of the rheumatic nature of the 
infection, and the other components of the microscopic picture provided additional 
evidence in support of this conclusion. 

McCui.mh’H. 


Roberts, J. E., and Lisa, J. R.: The Heart in Pulmonary Tuberculosis: A Clinico- 

Pathological Study of 100 Autopsied Patients. Am. Rev. Tuberc. 47: 253, 1943. 

The findings in a clinico-patliological study of the heart in 100 cases of active pul- 
monary tuberculosis are presented. Demonstrable myocardial lesions were present 
in sixty-nine. They consisted of tuberculous myocarditis in ten, acute rheumatic 
myocarditis in one, Aschoff body-like lesions in nine, acute interstitial myocarditis 
in fifty, and acute miliary infarctions in eleven. Combinations of the lesions were 
found in thirteen. Healed rheumatic valvulitis was found in five, sclerotic lesions of 
the mitral and aortic valves in twenty, acute valvular endocarditis in two, and 
syphilitic aortic valvulitis in two. There were three instances each of tuberculous, 
chronic adhesive, and acute nontubereulous pericarditis. Tuberculous myocarditis 
was more frequent in the adults than in the children. Nontubereulous pulmonary in- 
fections appeared to be a significant factor in the causation of the interstitial myo- 
carditis. Miliary infarctions occurred predominantly in the hypertrophied hearts, 
in hearts with severe coronary arteriosclerosis, and in the later decades of life. 
The conception of a small heart in tuberculosis was not substantiated. Right ven- 
tricular hypertrophy was very uncommon. Mensuration of the ventricular wall ap- 
peared to be an unreliable criterion for hypertrophy; the microscopical appearance 
of the myocardial fibers appeared more accurate. A moderate or severe disproportion 
between pulse rate and height of temperature was suggestive of myocardial disease. 
Murmurs due to organic valvular lesions were fairly common. Functional murmurs 
were uncommon. The conception that hypertension and active tuberculosis are 
incompatible was not borne out. Electrocardiographic tracings frequently revealed 
significant observations. While the present series is too small to permit definite 
conclusions about many controversial points, it is the belief of the authors that more 
attention paid to the cardiovascular system in the tuberculous individual will result in 
a more accurate estimation of existing cardiac damage. 

Authors. 


Suzman, S.: Tuberculous Pericardial Effusion. Brit. Heart ,T. 5: 39, 3 943. 

A case of tuberculous pericarditis is described. It is suggested that in any obscure 
case of pericardial effusion, especially where this is large, tuberculosis should be 
thought of as a possible diagnosis, and that this is still more likely if tapping ms 
to be repeated. 
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Among 1,893 consecutive autopsies there were six cases of tuber ulous pencara tis 
but on lv one of these had been diagnosed clinically. Hemoper, eardrum did not occur 
in any of these cases. Some excess of pericardial fluid was found in about one-fourth 
of all the tuberculous cnscs. 


A tthiTIAo 


Goldblatt, H., Kahn, J. R., and Lewis, H. A.: Studies on Experimental Hyper- 
tension. XIX. The Production of Persistent Hypertension in Sheep and Goats. 

J. Exper. Sled. 77: 297, 19-13. 

Persistent hypertension lias been produced in the goat and sheep bj" constriction 
of the main renal arteries. The presence or nbsonco of accompanying uremia de- 
pends upon the degree of constriction of the renal arteries. 

In both sheep and goat, constriction of one main renal artery also caused delation 
of the blood pressure, which tended to persist longer than in the dog. Excision of 
the one kidney with main renal artery constricted resulted in a prompt (twenty-four- 
hour) return of the blood pressure to normal. 

In the animals with hypertension of long duration but without renal excretory in- 
sufficiency (the “benign” phase) no significant artcrio- or artcriolosclerosis developed 
as a result of the hypertension alone. In the animals that had both hypertension 
and renal excretory insufficiency (the. “malignant” phase) the typical terminal 
arteriolar lesions developed in many organs. These lesions consisted of necrosis 
and fibrinoid degeneration of arterioles and necrotizing arteriolitis which should not 
be confused with artcriolosclerosis. 

The same humoral mechanism which is responsible for experimental renal hyper- 
tension in the dog and other animals also obtains in the pathogenesis of experimental 
renal hypertension in the sheep and goat. 

Authors. 


Goldblatt, H., Katz, Y. J., Lewis, H. A., and Richardson, E.: Studies on Experi- 
mental Hypertension. XX. The Bioassay of Renin. .T. Exper. Med. 77: 309, 
1943. 


A simple, rapid method for the bio-assay of renin has been presented. Reliable 
and consistent results are obtained by this method whereby an arbitrary dog unit of 
renin has been established. 


The response of normal unancsthetizod dogs to renin is independent of the body 
weight of dogs weighing between 10 and 25 kilograms. An estimate of potency 
of renin per kilogram of body weight, of the test animals is therefore not only un- 
necessary but misleading. 


A dog unit of renin has been defined as that amount which raises the blood 
pressure at least o0 and not more than 35 mm. Hg within three minutes, in at least 
three unanesthetized dogs. The potency is expressed as dog units of renin per cubic 
centimeter. 

The determination of the amount of renal substance represented by a cubic 
centimeter of extract and the number of dog units per cubic centimeter give an 
estimate of the yield of renin which can be expressed as dog units of renin per gram 
of original renal tissue. b 

By determination of the number of dog units per cubic centimeter and the amount 
of nitrogen in milligrams per cubic centimeter in any renal extract, the purity of the 
renin can be determined and expressed as dog units of renin per milligram N 

The establishment of a standard method for the bio-assay of renin is considered 
ng dy desirable, and the method outlined in this paper is suggested for this purpose. 

Authors, 
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^ Wood ®’ W _ W- ’ ' Peet ’ M ' M -> ant * Foa, N. L.: Effective Renal Blood 
Plow Glomerular Filtration Rate and Tubular Excretory Maas in Arterial 

Hypertension. II. Effect of Supradiaphragmatic Splanchnicectomy With Lower 
Dorsal Sympathetic Ganglionectomy. Arch. Int. Med. 71 : 357, 3043. 


Diodrast and inulin clearances were used to measure the effective rennl blood flow 
and filtration rate in seventeen patients with arterial hypertension. Measurements 
uere made before bilateral supradiaphragmatic splanchnicectomy with lower dorsal 
sympathetic ganglionectomy, and from two weeks to twelve months after the opera- 
tion. The results indicate that the operation did not change the renal blood flow 
significantly, even when the blood pressure was reduced. There was a reduction of 
blood pressure in eight patients. Constancy of renal blood flow, combined with re- 
duced blood pressure, suggests decreased vascular resistance and intraronal arteriolar 
vasodilatation, with a resultant increase in pulse pressure within the kidney. 

The patients with the highest effective renal blood flow, the greatest vasomotility, 
and the least thickening of the systemic arterioles received the most benefit from 
the operation. It is suggested that the determination of effective renal blood flow, 
and the measurement of the wall/lumen ratio of the systemic arterioles in biopsy 
specimens of muscle, might prove to be valuable in the preoperative study of patients 
with arterial hypertension. 

The authors’ results are consistent with the hypothesis that reduced intrarennl 
pulse pressure, and not renal ischemia, is a causal factor in human hypertension. 


Authors. 


Pickering, G. W., Prinzmetal, M., and Kelsall, A. R.: The Assay of Renin in 
Rabbits With Experimental Renal Hypertension. Clin. Sc. 4 : 401 , 3042 . 


Extracts of rabbit kidneys made by three different methods have been assayed 
for their renin content by finding the amount raising the unancsthotizcd rabbit ’s 
blood pressure to the same extent as a given dose of a standard preparation. The 
standard was stable for at least two and one-half years. 

The renin content of normal rabbits’ kidneys shows considerable variations, the 
causes of which are undetermined, although higher values tend to occur in rabbits 
that are immature than in those that are fully grown. 

When hypertension is produced by constricting the renal artery in the rabbit, the 
renin content of the kidney depends on the degree of constriction and on the dura- 
tion of the hypertension. When the constriction is severe enough to produce renal 
necrosis, the Vpertension is fleeting, and after one to two days the renal renin 
content is abnormally low. When the constriction is severe enough to produce 
hypertension within twelve hours, but not to proilncc renal neciosis, the hjperfen 
sion is maintained, and in the first eight days the renal iciiin content ten s 0 >t 
abnormally liigli. When hypertension has lasted two to seventeen months, the rena 
renin content is normal. 


By a method of extraction described in the text renin can he recovered from blood 
ten to fifteen minutes after its intravenous injection. None has been re«werc< 
from the blood of rabbits with hypertension of two to five months duration. 

The results obtianed are consistent with the hypothesis that the hv^rtennion winch 
occurs in the first few days after constricting the renal u tones i- < 0 

of renin from the kidney. The normal renal content of animals with prol 1 - 
hypertension suggests that factors other than the enhanced score ton < 1 ' 

contribute materially to the genesis of prolonged hypertension after rernt a • . 
constriction. These factors have not yet been identified. 


AUTHOR S. 
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Hass, G. M.: Elastic Tissue. HI. Relations Between the Structure of the Aging 

Aorta and the Properties of the Isolated Aortic Elastic Tissue. Arch. Path. 

35: 20, 1943. 

It is not possible to predict the mechanical or dynamic behavior of isolated 
elastic networks from knowledge of the behavior of the aortic wall from which 
they are obtained. The average purified networks arc more extensible than the intact 
aorta. The extensibility is greatest among young networks, and usually increases 
with age, but occasional aged elastic systems have the characteristic high extensibility 
of youthful tissue. 

The low extensibility of aged dilated intact aortas is partly due to the fact that at 
zero load the elastic networks are under tension. When the constraints responsible 
for this constant tension are removed, the elastic networks spontaneously retract to 
the dimensions of an undilated aorta. 

After removal of mechanical or chemical forces, either of which may produce 
near maximum extension, all purified elastic systems, irrespective of age, exhibit 
identical and almost perfect retraction. 

The tensile strength of isolated networks is, as a rule, high in the early decades, 
and low in the late decades of life. When elastic systems with low tensile strength 
are encountered in middle life, peculiar crystal patterns abutted by collagenous 
splints arc found in the axes of elastic lamellae. Elastic systems with low tensile 
strength in late life have conspicuous discontinuities but not axial crystals. The 
evidence indicates that some of these discontinuities arise by disintegration of 
elastic lamellae at focal points of collagenous splinting and axial crystallization. The 
genesis of these medial changes and their contribution to the formation of athero- 
sclerotic lesions remain obscure. 

Author. 


Bartol, G. M., Edwards, J. E., and Lamb, M. E.: Mycotic and Dissecting 
Aneurysms of the Aorta Complicating Bacterial Endocarditis. Arch. Path. 35: 
285, 1943. 


The case of a 75-vear-old man with acute bacterial endocarditis of the aortic 
valve, in whom a dissecting aneurysm of the aorta arose in the base of a complicat- 
ing mycotic aneurysm, is presented. 


The etiological organism was a pleomorphic gram-negative lactose-fermenting 
bacillus that could not be classified accuratelv. 

The case is unusual from several angles, namely, (1) the association of bacterial 
endocarditis with dissecting aortic aneurysm, (2) the development of dissecting 
aneurysm m the base of a mycotic aneurysm, and (3) the type of organism respon- 
sible for the endocarditis. 


Authors. 


Bower, L. E„ Ditkowsky, S. P., Klien, B. A., and Bronstein, I. p. : Arteriovenous 
Angioma of Mandible and Retina With Pronounced Hematemesis and Epistaxis 
Am. J. Dis. Child. 64: 1023, 1 942. 


uhu rei ilia. 


A case is reported of an arteriovenous angioma of the mandible 
An obscure cause for spurious hematemesis and epistaxis muv be >> i • 

of the jaw with bleeding around the teeth. ' ' “ ‘ ° S10n 


Authors. 
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out that many drugs are praised in the absence of controlled clinical 
observations. Thirty-three drugs, in all, were exhibited by them, in- 
cluding nitrites, iodides, bromides, barbiturates, and antispasmodic 
agents such as atropine and papaverine sulfate. These authors set up 
certain seemingly fair critical standards for judgment as to whether or 
not a drug is “hypotensive.” Such a drug must reduce the blood pres- 
sure when it is originally elevated, must demonstrate this action con- 
sistently and in a high proportion of patients, and, last, must do this 
without producing symptoms of toxicity. In the present study, these 
have been accepted as suitable criteria for similar adjudication of the 
drugs concerned. At the conclusion of the aforementioned studies, 
Evans and Loughnan agreed that they could not approve the prescribing 
of any of these drugs if the object was to reduce the blood pressure ! 

PURPOSE OP THE PRESENT STUDY 

It was the intention, in the initiation of this study, to assay the actual 
hypotensive effects of a number of commonly used and widely recom- 
mended drugs on patients who had a persistently elevated blood pressure. 
Because of previous demonstrations that symptomatic improvement is 
commonly obtained by many methods of treatment, 7 ’ 19> 20 a careful at- 
tempt was made to exclude any consideration of subjective response. As 
stated before, it is my conviction that the mediator of the high mor- 
tality 3 - 14 - 17 rate of essential hypertension is the level of intra-arterial 
pressure itself. 

METHODS OF STUDY 

Patients . — The patients were selected from a group of persons who were resident 
in a state hospital for the insane.* This selection was made deliberately, for it was 
felt that such a group of patients were relatively insensitive to their immediate en- 
vironment, and all were, perforce, subjected to considerable routine in their daily 
lives. Also, few, if any, of these patients complained of symptoms of elevated blood 
pressure, although some were rather ill from the consequences of it. The patients 
included those who had schizophrenia, manic depressive psychosis, depression, arterio- 
sclerosis of the vessels of the central nervous system, with attending dementia, and 
some other types of committable mental disturbances. All patients were hypertensive 
males, with ag'es ranging from 38 to 70 years. All patients ate the same meals, and 
each subgroup included those in rather close confinement to the wards, and those 
allowed more freedom, who carried on simple occupations around the institution. In 
general, it was a group of patients subjected to much the same environment and 
routine. 

Procedure. — Most of the patients were not told that they were receiving niediea 
tion, or that they suffered from high blood pressure. A few who exhibited curiositj 
concerning their pills were told that it was “good for them , ” and a small number of 
alert and interested patients were told that they had some slight abnormalities of 
blood pressure for which they were receiving medication. Last, a small number of in- 
stitutional employees were treated gratuitously, with full understanding of their ab- 
normal state and the purpose of the study. It was felt that these latter groups 
would act as controls for evaluation of certain obvious factors. 

*tVe wish to extend our thanks to Dr. B. F. Smith, superintendent, Rochestei 
State Hospital, for his generosity and cooperation in this study. 
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All persons reported on in this study were subjected to minimal examinations for 
the purpose of ruling out certain etiological factors which might cause hypertension. 
Examination of the optic fundi and urinalysis were carried out, and roentgenograms 
of the thorax were made, in addition to careful physical examination. When observa- 
tions were made that were suggestive of glomerulonephritis or other significant renal 
disease, coarctation of the aorta, increased intracranial pressure, or certain endocrine 
disturbances, including hyperthyroidism, pituitary basophilism, and adrenal tumor , 21 
the patients concerned were omitted from this study. Arteriosclerosis and obesity 
were not disqualifying for our purposes. Admittedly, some of the aforementioned 
disturbances may have been present in spite of care taken to exclude them, but it is 
not likely that the majority of the patients had any cause for elevated blood pressure 
other than essential hypertension. It was not felt that an abnormal psychic state 
should be disqualifying, because hypertension is not characteristically observed in the 
presence of psychoses, and the large majority of the patients of this institution had 
normal blood pressure. No patient with the clinical or ocular criteria 3 - 22 of 
“malignant” hypertension was included in this series. 

This large group of selected patients was classified into subgroups, referred to by 
number in Tables I, II, III, IV, V, VI, VII, and VIII. These subgroups were com- 
posed of up to ten men, and an attempt was made to include an approximately equal 
number in each subgroup. Attention was paid to age, occupation, and physical habit- 
us. No deliberate attempt was made to select the subgroups on a basis of the value 
for the blood pressure or the grouping of the vascular lesion . 3 because it was soon ap- 
parent that each group was composed of representative patients. Members of each 
group were given one drug in the dosage recommended by the manufacturer, or other 
advocate of the product, or in a dosage even exceeding the suggested optimum. The 
medications were given before meals as a matter of routine. Patients who for 
reasons of temperament or delusion refused medication for more than one day, or 
who were detected in attempts to deceive, were eliminated from the study, and new 
patients were substituted for them. All drugs were ingested by patients under the 
supervision of experienced attendants. All patients who received other medications 
independent of this study were omitted from consideration if those medications in- 
cluded sedative agents, iodine-containing substances, digitalis, or other drugs that 
might affect the blood pressure. Actually, the only other medicines given to these 
patients during the period of this study included mineral oil, milk of magnesia, 
insulin (three patients), skin disinfectants, and antipruritic lotions. 

Measurements of the blood pressure were made at least three times daily, i.e., 
before breakfast and lunch, and after supper. With certain few exceptions, all 
measurements were made by one examiner, and in accordance with the suggestions of 
the joint British-American Committee 23 for standardization of methods of taking 
blood pressure. In a few instances in which this was not done, a dispensary at- 
tendant, carefully trained according to the aforementioned technique, took the 
readings. These instances were so few that they did not significantly alter the results. 
In all cases the daily maximal and minimal systolic and diastolic pressures were 
recorded, so that in the tables only two daily readings are presented. Among all 
patients a period of seven to ten days in which medication was not given was devoted 
to measuring the blood pressure and its fluctuations. 

The study period included the seven- to ten-day pretreatment period, and at least 
thirty days of continuous observation while the patients were under treatment. 
In almost all cases a further observational period of seven to ten days, after discon- 
tinuance of all treatment, was allowed for the detection of any changes in blood 
pressure that might conceivably occur as “delayed” responses. Thus, it seemed 
reasonable that within thirty to forty days any hypotensive effects should become 
manifest. 
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Certain reasonable criteria had been decided upon, previous to the study, for 
definition of ,a hypotensive effect. These had been used by previous investi- 
gators. 12 ) 18 Prior to, and during, this inquiry a moderately skeptical attitude, rather 
than an entirely open mind, possessed the author; but perusal of the results will soon 
demonstrate that any misgivings on this score can be set aside. 

' U">' . 

DRUGS 

The drugs used in this study usually were selected with a view of obtaining at least 
one representative of each of the currently highly popular types of chemicals used 
in attempts at regulation of blood pressure. One outstanding omission was potassium 
thiocyanate, for the teclinical difficulty of using this drug in such a study is apparent. 
Furthermore, most authors 24 ) 25 are in agreement as to the status of this drug, for 
many careful and adequate studies of its effects have been made. Some drugs were 
selected because they had been widely advertised and remarkable claims had been 
made for them. All drugs used were purchased from ordinary sources. 



Table I 

Results of Treatment With Theobromine, as Indicated by Average Systolic 

and Diastolic Blood Pressures 


pressures 
patient before 

treatment 

1 182/125 

2 165/116 

3 157/111 

1 239/136 

5 183/106 

6 186/117 

7 179/110 

8 203/113 

9 1SS/101 

10 212/123 


PRESSURES AFTER GIVEN WEEK OF TREATMENT 

12 3 4 


185/130 

165/116 

15S/111 

221/131 

170/104 

178/109 

178/102 

194/115 

187/112 

203/120 


1S2/126 

166/112 

165/119 

225/132 

175/10S 

175/111 

171/100 

189/11S 

187/110 

202/123 


175/122 

1G3/112 

170/121 

226/134 

1S1/107 

184/114 

168/102 

iss/ns 

189/110 

206/122 


188/126 
159/109 
186/121 
232/136 
178/111 
179/116 
168/ 97 
1S7/121 
184/109 
205/122 


PRESSURES 

AFTER 

TREATM ENT 

186/129 

108/113 

179/123 

239/135 

1S3/112 

1S0/11(5 

Incomplete 

193/120 

Incomplete 

Incomplete 
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The methylated xanthine derivatives enjoy widespread favor and, m Various forms 
and combinations, constituted the largest single group of drugs studied. Cushnyss 
stated that “All members of the caffeine series have been shown nf animals to dilate 
the coronary vessels, but how far these results can be carried- over to man is still 
an open question. ’ ’ In this group, theobromine, a prepared combination of theobro- 
mine and phenobarbital sodium (tlieominal), a proprietary arterial antispasmodic 
agent (iocapral), and theophylline with ethylene diamine (aminophylline) were tried. 

Theobromine . — Theobromine (3, 7 dimethylxanthine) was given three times 
daily, with meals, in capsules of 5 grains (0.3 Gm.) each. Patients numbered I 
through 10 (Table -I) received this drug, and, after two weeks of consecutive use of 
it, the dose was doubled (Fig. 1) ; that is, for the second two weeks of consecutive 
use, the dose was 10 grains (0.65 Gm.) three times daily. 

Theobromine and Phenobarbital Sodium. — Tlieominal, a proprietary drug, was ad- 
ministered to patients numbered 11 through 20 (Table II). This preparation con- 
tains, according to the manufacturer’s statement, 5 grains (0.3 Gm.) of theobromine 


■JV) 
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j^2.00 

' 1 180 
SO 

^160 
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1 1 ™> 
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Fig. 2. — Dailj r values for diastolic and systolic blood pressure in control period and 
during the fourth week of treatment witli tlieominal, in a typical case. 
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Table II 

Results op Treatment With Theominal, as Indicated by Average Systolic and 

Diastolic Blood Pressures 


PATIENT 

PRESSURES 

BEFORE 

TREATMENT 

PRESSURES 

1 

AFTER GIVEN 

2 

WEEK OF 

3 

TREATMENT 

4 

PRESSURES 

AFTER 

TREATMENT 

li 

176/115 

176/117 

176/118 

176/115 

180/117 

185/115 

12 

180/119 

191/125 

180/116 

174/114 

179/119 

180/121 

13 

178/104 

165/104 

169/104 

J 83/111 

177/113 

Incomplete 

14 

191/106 

194/116 

197/124 

196/115 

196/124 

Incomplete 

15 

181/100 

179/ 99 

179/ 98 

194/103 

Refused 

ment 

further treat- 

1G 

186/114 

180/111 

186/112 

185/114 

183/118 

Incomplete 

17 

183/103 

202/110 

194/112 

184/315 

Refused further treat- 
ment 

18 

1S4/10S 

169/104 

16S/ 95 

175/106 

184/109 

Incomplete 

19 

170/ 99 

174/101 

172/100 

172/105 

371/104 

189/107 

20 

203/118 

192/117 

199/118 

197/121 

Died suddenly 
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and a half-grain of phenobarbital sodium (luminal) to the tablet. This was given in 
the recommended dose of one tablet three times daily. For seven of these ten patients 
four consecutive weeks of treatment were carried out (Fig. 2), whereas, for three, 
shorter periods were occasioned by unanticipated events, as set forth in Table II. 

Proprietary Arterial Antispasmodic Agent. — Iocapral, also a proprietary remedy, 
was administered to only five patients for a four-week period (Fig. 3). The patients 
were numbered 21 through 25 (Table III). This preparation, according to the 
manufacturer's statement, contains 5 grains (0.3 Gm.) of theobromine, two-thirds of 


Control period 


V, *40 h 
<s o 

I So 2.00 h 

Ca> 

R, 160 



-L.-1 I I I 


3^ wcc ]^ 
of treatment 

Iocapral 
1 tablet t.i.d. 


A P\/vJ aa/Yv 

vvv 


J_J L 


1 a 3 4 s 6 7 15 16 17 18 1? 20 £1 

Time in days 

Pig-. 3. — Daily values for diastolic and systolic blood pressure in control period and 
during the third week of treatment with iocapral, in a typical case. 


Table III 

Results of Treatment With Iocapral, as Indicated by Average Systolic and 

Diastolic Blood Pressures 


patient 

PRESSURES 

before 

TREATMENT 

PRESSURES 

1 

AFTER GIVEN 

2 

WEEK OF 

3 

TREATMENT 

4 

PRESSURES 

AFTER 

TREATMENT 

21 

181/116 

179/115 

187/116 

179/122 

184/120 

185/116 

22 

174/104 

167/104 

171/106 

169/109 

178/108 

172/105 

23 

17S/116 

182/118 

184/119 

179/120 

183/120 

182/117 

24 

170/118 

173/122 

170/122 

172/119 

177/126 

177/123 

25 

205/123 

210/135 

199/134 

199/129 

203/125 

207/125 


Table IV 

Results of Treatment With Aminophylline, as Indicated by Average Systolic 

and Diastolic Blood Pressures 


PATIENT 

PRESSURES 

BEFORE 

TREATMENT 

PRESSURES 

1 

AFTER GIVEN 

9 

■WEEK OF 

3 

TREATMENT 

4 

PRESSURES 

AFTER 

TREATMENT 

26 

165/101 

171/107 

180/107 

190/113 

172/105 

181/110 

27 

224/136 

234/135 

228/138 

229/134 

228/136 

237/137 

2S 

175/112 

169/112 

179/115 

177/112 

173/115 

180/119 

29 

181/111 

180/113 

180/116 

184/117 

187/113 

194/112 

30 

205/121 

204/125 

204/122 

202/120 

199/123 

199/124 
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MS/101 

22 

157/102 

111/102 

152/101 

111/ 00 

152/105 

110/100 

:!.•! 

181/112 

10:1/115 

101/115 

ISO/118 

100/110 

1 80/120 

of 

108/1 

157/ 08 

110/ 02 

118/ 01 

111/100 

112/101 

25 

211/ 00 

200/100 

208/111 

102/ ins 

200/111 

215/115 

::g 

180/112 

182/110 

101/112 

185/111 

180/1 12 

182/111 

27 

187/121 

180/122 

171/122 

170/110 

181/121 

182/122 
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a grain of mebaral (a brand of inepliobarbital, or N-methyletliylphenylbarbituric 
acid), and 2 grains (0.13 Gin.) of calcium iodide ditrietlianelainine in eacli tablet. 
One tablet was administered three times daily throughout the usual thirty-day period. 

Theophylline With Ethylene Diamine. — Aminophylline, a brand of theophylline 
with ethylene diamine, containing from 70 to 80 per cent of anhydrous theophylline 
(1, 3-dimethylxantliine), was the last of this group of drugs used. This also was 
administered to five patients, numbered 26 through 30 (Table IV), for the usual 
period of thirty days, in a dosage of 3 grains (0.2 Gtn.) three times daily (Fig. 4). 

Phenobarbital. — Phenobarbetal, alone, in varying dosages, was given to seven 
patients for a minimum of four consecutive weeks. These records are numbered 31 
through 37 (Table V) (Fig. 5). 

3?d week 



Pig-. G. — Daily values for diastolic and systolic blood pressure in control period and 
during the third week of treatment with erythrol tetranitrate, in a typical case. 


Table VI 

Results of Treatment With Erythrol Tetranitrate, as Indicated by Average 
Systolic and Diastolic Blood Pressures 


PATIENT 

PRESSURES 

BEFORE 
• TREATMENT 

PRESSURES 

1 

AFTER GIVEN 

2 

WEEK OF 

3 

TREATMENT 

4 

PRESSURES 

AFTER 

TREATMENT 

38 

202/130 

205/129 

212/131 

199/129 

200/130 

203/130 

39 

164/105 

101/105 

162/107 

165/107 

164/111 

170/110 

40 

211/111 

199/111 

206/115 

195/116 

199/116 

189/122 

41 

167/116 

164/110 

162/109 

174/111 

169/110 

168/110 

42 

233/135 

239/13S 

239/13S 

233/135 

240/138 

232/140 


The nitrites (and nitrates) have been known as vasodilators for many years. 
Bruntonsi wrote, in 1897, that inhalation of amyl nitrite causes “a very great fall 
of the blood pressure. ’ ’ Since that time, extensive search has been made for a 
nitrite or nitrate which would be relatively nontoxic and yet cause prolonged vaso- 
dilatation. It was not possible in this study to use all of the organic and inorganic 
nitrites and nitrates that have been introduced for the management of hypertension. 
A representative was chosen, after the recommendations of Goodman and Gilman . 28 
Erythrol Tetranitrate . — Erythrol tetranitrate (C,H 0 [NO 3 ] 4 ), the nitration product 
of erythrol (tetrahvdroxybutane), was administered for the usual period in a dosage 






of :i lmlf-grain (0.032 Gin.) three times daily (Fig. 0) to patients numbered 38 
through 42 (Table VI). 

A Proprietary ITvpotnisivc Aiicnt . — A proprietary remedy known as hepvise, of 
complex and uncertain composition, was administered (Fig. 7) to eleven patients, 
numbered 43 through 53 (Table VII). Of these eleven patients, nine took this 
medicine for four weeks and two took it for shorter periods. The scheme of adminis- 
tration, as recommended by the manufacturer, is "one to two tablets three times 
daily, one-half hour before meals. Best results are obtained when medication is 
given in courses of two to three weeks, allowing a week’s rest interval between 
courses."’ This advice was carefully followed. The manufacturer claims that this 
tablet is “a synergistic combination of Fisnim album (European Mistletoe), and 
hepatic and insulin-free pancreatic extracts. It is much to bo preferred to the 
nitrites and other depressing drugs.” The advertisements also state that hepvise 
is “for prolonged relief of blood pressure.” The latter statement seems somewhat 
ambiguous. 

v/eck 



1 2. 3 4 5 6 7 £3 2A <25 20 27 2& 

Time in datjs 


trig. 7 . — Daily values for diastolic and systolic blood pressure in control period and 
during the fourth week of treatment witli hepvise, in a typical case. 


Table VII 

Results of Treatment With IIepvlsc, as Indicated by Average Systolic and 

Diastolic Blood Pressures 


PATIENT 

PRESSURES 

BEFORE 

TREATMENT 

43 

104/112 

44 

100/103 

45 

198/1 IS 

40 

165/100 

47 

158/105 

48 

215/137 

49 

184/125 

50 

100/111 

51 

142/100 

52 

185/118 

53 

184/100 

‘Rest 

in bed. 


PRESSURES AFTER GIVEN WEEK OP TREATMENT 1>KE SSURES 

! O o , after 

U TREAT-ME N T 

Iti 0/1 09 1G3/II4 100/111 171/114 165 /I IS 

150/ 90 157/101 35S/I03 100/109 10I/I05 
202/110 220/124 210/120 Fractured hip ; 

bronchopneumonia 
107/108 159/103 


172/110 
158/101 
204/131 
175/123 
188/118 
143/ 90 
188/120 
1S4/100 


109/109 

101/104 

190/128* 

17S/121 

183/119 

14 S/I 01 

192/120 

190/113 


107/100 

108/110 

180/121* 

•17S/121 

187/119 

145/100 

191/121 

181/110 


1G5/10S 
1S4/119 
1S3/125 
1S8/121 
145/ 99 
197/120 
1S9/111 


104/100 

1S5/120* 

178/123 

180/120 

140/100 

191/124 

1S9/117 
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A Proprietary Vasodilator . — Another proprietary remedy, known as allimin, has 
been widely circulated among the profession. It was given (Fig. S) to ten patients 
(5 1 to 03) for four consecutive weeks (Table VIII). This preparation is stated to 
he ‘ 1 a synergized combination, each tablet containing four and three-fourths grain 
garlic concentrate and two and three-eighths grain parsley concentrate with excipients 
and coating.” Physicians are directed to give (average dose) two tablets with 
water, three times daily after meals for three consecutive days, omitting its use on the 
fourth day, and repeating this procedure indefinitely. The active principle, if any, 
would seem to be ally] sulfide (oil of garlic). This remedy is said by the manu- 
facturer to produce a “systolic and diastolic drop in hypertensives,” demonstrated 
clinically. It is also claimed to have “an antiputrefactive action in the gut — a 
significant collateral action in many cases of hypertension.” The latter is a state- 
ment that seems hardly justified. 

This list of drugs is not an imposing one when it is considered that more than 
100 drugs are currently recommended as “hypotensive” agents. 6 However, the list 
includes representatives of many large groups of drugs which are chemically related. 

4 1 - week 



Eiff. S. — Daily values for diastolic and systolic blood pressure in control period and 
during the fourth week of treatment with allimin, in a typical case. 


Table VIII 


Results or Treatment With Allimin*, as Indicated by Average Systolic and 

Diastolic Blood Pressures 


PATIENT 

PRESSURES 

BEFORE 

TREATMENT 

PRESSURES 

1 

A FTKFl GIVEN* 

9 

WEEK OF 

«» 

*» 

TREATMENT 

4 

PRESSURES 

AFTER 

TREATMENT 

5-1 

237/142 

227/143 

220/144 

221/147 

237/145 

228/142 


100/100 

171/100 

385/118 

385/314 

3SO/137 

1 S0/1 10 

50 

238/135 

23S/133 

242/134 

243/332 

248/3 3 8 

239/13(5 

Ol 

157/ 03 

150/ 00 

303/ 00 

302/ 00 

358/ 00 

301/ 08 

5S 

200/101 

204/ 00 

220/304 

235/105 

223/304 

21S/102 

50 

173/ OS 

155/ 02 

370/130 

377/105 

374/102 

100/101 

fiO 

101/121 

3 S0/1 21 

3 00/3 IS 

203/122 

203/130 

104/123 

M 

210/120 

201/110 

204/122 

200/122 

207/121 

200/110 

02 

100/123 

101/110 

204/121 

102/121 

304/125 

103/120 

r>:; 

178/11-1 

172/114 

37S/115 

1S0/120 

3815/1 IP 

384/120 
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RESULTS 

The results of this study, to even the most optimistic observer, are uni- 
formly disappointing. In no single ease was a sustained, significant’* 
reduction in blood pressure seen. The appended tables, in which blood 
pressures are recorded as taken, bear evidence that no drug among 
those studied had any hypotensive effect when it was administered in the 
stated dosage for long periods. It is not likely, in view of the experiences 
of others, 7 ’ ,7, 18 plus the information gained in this study, that any ol the 
groups of drugs represented by the selected examples ret erred to herein 
arc likely to be any more effective. 

CONCLUSION'S 

On the basis of this study, it may be reasonably concluded that certain 
drugs, meaning those referred to herein and others similar to them, when 
administered continuously in optimal dosage for periods of thirty days, 
do not possess any significant hypotensive effect upon the blood pressure 
of hypertensive patients. Furthermore, the observer is strongly inclined 
to question the effectiveness of chemically similar drugs, of which the 
chosen preparations may be considered representative samples. 

The author agrees with other workers 1 * that the prescribing of these 
drugs is not to be recommended if t he purpose of such prescription is to 
reduce the blood pressure of hypertensive patients. 
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THE NORMAL BLOOD PRESSURE IN THE LOWER 

EXTREMITY 

Captain Martin H. Wendkos, Medical Corps, Army of the United 
States, and Major Phillip L. Rossman, Medical Corps, 

Army of the United States 

INTRODUCTION 

T HE auscultatory (indirect) method of estimating arterial blood pi en- 
sure in the arms is widely employed. Normal standards, based on 
figures obtained with this technique in large numbers of subjects, are 
already well established. So far as the authors are aware, however, 
similar data for the lower extremities of man are not yet, available, even 
though the blood pressure in the thigh has been the subject of attention 
in cases of aortic insufficiency and coarctation of the aorta. The pur- 
pose of this preliminary report is an attempt, from a study of 500 nor- 
mal soldiers, to supply this information, due consideration being given 
to certain modifying factors. 


METHOD 

The subjects used in this study were members of the United States 
Army Air Forces; therefore, only males were included. Their ages 
ranged from IS to 35 years. They were presumed to have normal cardio- 
vascular systems, as judged by physical, fluoroscopic, and ophthal- 
moscopic examination. No special selection was attempted, other than 
to exclude those whose blood pressure in the arm exceeded 140 mm. of 
Hg, systolic, or 90 mm., diastolic, or whose heart rate was over 90 beats 
per minute. The subjects assembled in a quiet, warm ward and re- 
mained unclothed in the supine position for at least thirty minutes prior 
to the measurement of the arterial blood pressure. External disturbing 
stimuli, apprehensiveness, and chilling were eliminated as much as pos- 
sible. The environment was kept quiet, restful, and conducive to com- 
plete relaxation, as evidenced by the fact that many soldiers fell asleep. 
During this rest period the eye grounds and heart were examined and 
the temperature was taken orally. The circumference of the arm mid- 
way between the shoulder and elbow, and that of the thigh, four inches 
above the upper edge of the patella, were then measured by a steel tape. 
After the men rested for one-half hour, the pulse rate and blood pres- 
sure were recorded. The height and -weight with the subjects unclothed 
were obtained at the conclusion of the session. 

The technique and precautions recommended by the American Heart 
Association 1 for the estimation of the arterial blood pressure were fol- 
lowed with certain exceptions, As suggested, the diastolic level in the 
arm was recorded at the beginning of the fourth phase (muffling of the 
Korotkov sounds) ; however, in the lower extremity, since the fourth 
phase i s inconstant, the diastolic pressure was considered to correspond 
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to the point at which the sounds were no longer audible.® Also it was 
found more expedient to measure the pressure in the thigh with the sub- 
ject in the supine, rather. than in the prone, position. One other devia- 
tion from the recommended procedure was the use of a standard-width 
cuff in the lower extremity instead of a udder cuff. In the arm, the bag- 
portion of the cuff was placed over the brachial artery with the lower 
edge about one inch above the antecubital space, whereas, in the thigh, 
it was placed over the popliteal artery with the midportion of the cuff 
four inches above the upper edge of the patella. The blood pressure 
was estimated by the authors as simultaneously as possible in homo- 
lateral extremities, care being taken that the limbs were relaxed, ex- 
tended, and approximately at heart level. The average of three closely 
agreeing measurements ,( one of which was checked by both observers),! 
taken successively and interrupted by complete deflation of the cuff, 
was the figure used in this study. 


APPARATUS 

Two standard aneroid sphygmomanometers, which were checked 
against each other and against a mercury manometer, were used in this 
study. Standard-sized cuffs, 22 inches (55.9 cm.) in length, containing 
a rubber bag 5i/o inches (14 cm.) in width and 9 inches (22.9 cm.) in 
length, were employed. The cuffs were fitted with metal ribs and a lock- 
ing device which prevented bulging or slipping of the inflated portion 
of the bag. This was particularly useful for the successful application 
of the cuff to the thigh. Occasionally, a thigh was too large to be in- 
closed in the standard-length cuff, in which case a longer cuff, measuring 
29 inches (73.7 cm.) in length, was necessary. £ The size of the rubber 
bag in this longer cuff was the same as that in the standard one. For 
ausculting the -Korotkov sounds, ordinary stethoscopes with diaphragm- 
type chest pieces of approximately the same size were used in both the 
antecubital and popliteal spaces. 


RESULTS 


Blood Pressure Range . — In normal adult males between the ages of 
18 and 35 j ears, the blood pressure in the lower part of the thigh, as 
measured at rest by the standard auscultatory method, ranged from 
110 mm. to 230 mm. of Tig (average, 154.8 mm.) systolic, and from 
60 min. to 150 mm. .(average, 91.9 mm.), diastolic. The blood pressure 
in the arm for the same group varied from 90 mm. to 140 mm., systolic, 
and 50 nun. to 90 mm., diastolic, with an average of 118.3 mm. and 

70.6 mm., respectively. The difference between the average arm and 
thigh blood pressures was 36.5 mm., systolic, and 21.4 mm., diastolic. 
The average pulse pressure in the thigh was 62.9 mm., and, in the aim, 

47.7 mm. In all cases the systolic pressure in the thigh exceeded the 
corresponding pressure in the arm. The diastolic pressure in the tugi 
either equalled or exceeded that in the arm ; in no instance uas it less. 


♦The auditory perception of the authors .)y a f. 5^e^ 
was found in both instances to be normal m the frequenc. b 

Cy Tsho P ck Tnd U O g den= have shown by statistical analysis that such a procedure re- 
duces any significant error to a minimum. through 

$A cuff with an extension to fit exceptionally large ting is ^ 1 

the courtesy of the Taylor Instrument Company. Rochester, Nou 
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The pulse pressure in the thigh in different subjects with similar systolic 
pressures was rarely identical. No consistent quantitative correlation 
existed between the systolic and diastolic levels m the arm and the 

thigh. , , 

Fin- 1 shows that the most frequent (31.2 per cent) systolic pressure 

readings in the thigh were between 140 and 150 mm. of Ilg. In 4 d 4 
soldiers (90.8 per cent) the range was from 125 mm. to 180 mm. T le 
most frequent (35.8 per cent) diastolic pressure readings m the thigh 
were between 85 mm. and 90 mm. Ilg. In 444 soldiers (88.8 per cent) 
the range was from 75 mm. to 110 mm. 
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Pig-. 1. — The frequency distribution of systolic and diastolic blood pressure read- 
ings obtained from the thighs of 500 normal soldiers by the auscultatory (indirect) 
method. 


Height . — Within this group, height (66 to 78 inches) did not signifi- 
cantly influence the average systolic and diastolic blood pressure in the 
thigh. 

Age . — Although age does not appear to be a modifying factor, the 
limited age range in this group (18 to 35 years) does not warrant any 
conclusions. 

Sex . — Inasmuch as only male subjects were employed in this study, 
the influence of sex cannot be stated. 
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Table I 


Belationship of Increasing Pulse Bates to Average Blood Pressure in the 

Arm and Thigh 

(The Figures in Parentheses Indicate the Bange of Pressure) 


THIGH 

THIGH 

ARM 

ARM 

NUMBER 

PULSE RATE SYSTOLIC 

DIASTOLIC 

SYSTOLIC 

DIASTOLIC 

OF CASES 

PER MINUTE (JIM . HG) 

(MM. HG) 

(MM. HG) 

(MM. HG) 


151.5 

90.5 

115 

70 


51-60 ( 120 - 190 ) 

( 70 - 130 ) 

( 90 - 140 ) 

( 60 - 90 ) 

62 

154.1 

92 

115.6 

70. S 


61-70 ( 110 - 220 ) 

( 60 - 140 ) 

( 90 - 140 ) 

( 55 - 90 ) 

151 

155 

91.7 

118.6 

70 


71-80 ( 110 - 210 ) 

( 60 - 150 ) 

( 95 - 140 ) 

( 50 - 90 ) 

211 

159.6 

93 

124 

72.7 


81-90 ( 125 - 220 ) 

( 75 - 125 ) 

( 100 - 140 ) 

( 55 - 90 ) 

76 


Table II 


Belationship of Weight to Average Blood Pressure in the Arm and Thigh 
(The Figures in Parentheses Indicate the Bange of Piessu ) 


AVEIGHT 

IN POUNDS 

THIGH 
SYSTOLIC 
(MM. HG) 

THIGH 
DIASTOLIC 
(MM. HG) 

ARM 

SYSTOLIC 
(MM. HG) 

ARM 

DIASTOLIC 
(MM. HG) 

number 

OF CASES 

100-140 

141-160 

161-180 

181-220 

145.4 
( 110 - 185 ) 

150.9 

( 110 - 210 ) 

161.5 
( 130 - 205 ) 

169.2 

( 115 - 230 ) 

55.8 

( 00 - 115 ) 

89.6 

( 60 - 130 ) 

96.9 

( 80 - 150 ) 

103.7 

( 75 - 140 ) 

114.8 
( 90 - 140 ) 

116.9 
( 90 - 140 ) 

120.9 
( 100 - 140 ) 

121.4 

( 100 - 140 ) 

69.7 

( 50 - 85 ) 

69.4 

( 50 - 90 ) 

71.0 
( 55 - 85 ) 

73.0 
( 50 - 90 ) 

117 

190 

138 

55 


Pwlse Bate. — Table I shows that, in the pulse range from 51 to 90 

beats per minute, there was a slight influence of pulse rate up, ™ ‘ « _ 
level of the average systolic, but not upon the a\ el, ’ 

sure. With the faster pulse rates, the systolic pressure n 
and thigh tended to be higher, and the greater ' ,a “°® t 
was in the thigh. These figures are not statistically secant 

Weight. — Table II shows that, in the weight innge from 100 to 220 
pounds, there was a direct relationship between the weight i * the c 
U and the height of the systolic “mity 

tion existed in both the arm and the . , s more evident, 

the increase in blood pressure with increase m ^ ° ‘ t except 

The statistical stability test shows that the sampling is adequate 

for those who weighed from 181 to 220 pouncs^ ^ ^ 

Circumference of Extremity. .Fig. > P . +j ie upper and 

systolic and diastolic blood pressure reacts increment in the 

lower extremities, shows, m general, tli l • g . g most 

heavier subjects is dependent on the thickness o 1 ^ j n p m p s -with 
evident in the highest circumference ranges o . ^ ^ cjmim f erence) , 
similar degrees of soft tissue mass ,(abou • <. vs t 0 lic an d 15 mm., 
the pressure in the thigh was higher by 2o mm., 3 

diastolic, than in the arm. 
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Fig . 3 shows that the greater the average difference in circumference 
between the thigh and arm, the greater is the average dlftel «"“ 3 " 
tween the thigh and arm blood pressure, both systolic and diasto . 
The pulse rate values are almost identical in each gioup, i\ nc i ex 
eludes tachycardia as a causative factor. 



CIRCUiFERElCE III INCHES 


Fig. 2. — The relationship of blood pressure and weight to the circumference of the 
arm and thigh. The average pulse rate is also shown. 


DISCUSSION 


Physiologically, the height of the systolic blood pressure in the aorta 
and its tributaries is dependent on various factors. One of these is 
the conversion into lateral pressure of the kinetic energy® derived from 
each systolic discharge of the left ventricle. Since kinetic energy is 
represented by one-half of the product of the mass and the square of 
the vel ocity, the longer the blood vessel (within certain limits), the 


t . ,*^ nouIli 's theorem states that, except for loss by friction, the sum of the poten- 
tial eneigy, pressure energy, and kinetic energy will always remain constant. 
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greater the blood mass, and, presumably, the greater the kinetic energy. 
This transformation of kinetic energy may be unequal in the various 
portions of the arterial tree, and, as has been suggested, would be 
greater in the femoral and popliteal vessels than in other arteries be- 
cause the former represent an almost direct continuation of the large 
system consisting of the aorta and common iliacs with their large mass 

of blood/ 1 
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CIBCUKt ^ 

Fip - fc renc<? between' S the anii^ averae*” rat°e is also ^ 

Hamilton and Dow 10 studied arterial pveSS “^ C g^ ed that, the peak 
ent distances from the aortic arch m dogs •. d(wn the aortic- 
systolic pressure increases progressive } ‘ erp0 s itio n of a standing 

femoral system. This they attribute to he su P ^ knee . Thus, 

reflected wave, presumably arising fiom » elim inate hydrostatic 

with the subject in the horizontal posrtwi i ^ ^ ^ ^ will 
effects, it is to be expected that the sjs 1 observations of 

exceed that in the arm. This view » wording device 

Burdick, et al., 5 who employed a s P ec P adults> an d con- 

for registration of the blood P iessu } is c01is tantly higher than 

eluded that the systolic pressure in » 2Q to 40 m m. Hg. The 

in the arm, and that the dl ^ n ^^. e estimations with the standard 
present study, based on blood t 
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auscultatory method on 500 normal men, indicates that, in the thigh, 
the average systolic and diastolic pressures are, respectively, 36.5 mm. 
and 21.3 mm. higher than in the arm. Therefore, the statement of 
Norris, et al., 4 that “under normal conditions the systolic pressures in 
the arm and leg of an individual lying quietly in a horizontal position 
are equal” seems to be erroneous. 

The weight of the subject apparently exerts a modifying influence 
upon the blood pressure, for higher pressures are present in the heavier 
subjects (Table II, Pig. 2). This observation is in agreement with the 
data accumulated by various investigators"' 10 concerning the relation- 
ship of obesity to the brachial blood pressure. This suggests that the 
soft tissue mass in a limb may, for technical reasons, affect the estima- 
tion of the blood pressure. Although others have arrived at such .a 
conclusion by comparing the blood pressure estimations in an atrophied 
arm and its normal mate, 11 ’ 12 by a comparison of intra-arterial and in- 
direct measurements of the pressure in the same limb simultane- 
ously, 13 - 14 and by a theoretical consideration of the compressing proper- 
ties of an inflated pneumatic cuff around a heavy arm, 15 none has at- 
tempted to prove this in a large series by correlating the blood pres- 
sure in a limb with the circumference. It will be seen from this study 
(Pigs. 2 and 3) that a direct relationship exists between the circum- 
fei’ence of the upper and lower limbs and the blood pressures as 
measured in them by the auscultatory method. This correlation is not 
invalidated by the fact that, in similar circumference groups (about 13 
inches), the average systolic pressure in the thigh is about 25 mm. 
higher than that in the liomolateral arm (Pig. 2), for this is a normal 
difference. 5 No quantitative relationship between the thigh and arm 
pressure can be established at this time. However, with data from a 
larger series of cases, it might be possible to predict the normal blood 
pressure in the thigh from a knowledge of the arm blood pressure and 
circumference of the arm and thigh. 

To reduce to a minimum the number of variables in this study, the 
blood pressures in the arm and thigh were measured with a standard- 
width cuff, even though it is recommended 1 that, in the lower extrem- 
ity, a cuff containing a rubber bag 2 cm. wider than the standard be 
employed. This exception was taken for other reasons: (1) The con- 
struction of the cuff used in this study prevented slipping and bulging 
on heavy, tapered limbs, even when it was inflated, and therefore 
seemed to eliminate the need for a cuff 2 cm. wider ; ,(2) the work of 
Ragan and Bordley 14 indicates that, in subjects with heavy limbs, if 
an extra-wide cuff fitted with a locking device to prevent- bulgiim or 
slipping is employed, the blood pressure readings are frequently 0 too 
low as compared with direct intra-arterial measurements- and (3) it 
is desirable to establish normal standards, based on the use of a stand- 
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ard-wicltli cuff, so that routine estimation of the bloocl pressure in the 
thiS'h is rendered more practicable; a special-sized cuff would defeat 
this purpose. 

SUMMARY 

1. Employing the standard auscultatory method for measuring blood 
pressure, average values for the lower extremities of 500 normal male 
subjects were obtained. 

2. The average arterial pressure in the thigh, with the subject in the 
horizontal position, is 154. S mm. Tig, systolic, and 91. .9 mm., diastolic, 
and, in the arm, 118.3 mm., and 70.6 mm., respectively. 

3. The influence of solt. tissue mass on the blood pressure estimation 
is discussed. Evidence is presented to support the thesis that the 
higher arm and thigh pressures recorded in heavy subjects by the indi- 
rect method are probably influenced in part by the thickness of the 
limb. 

4. No equipment other than that ordinarily employed for estimating 
the pressure in the arm was used for the thigh. 

The authors wish to thank Robert E. Shilling, First Lieutenant, A.C., who assisted 
with the statistical analysis. 
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A COMPARISON OF THE ACTIONS OF FOUR CARDIAC 
GLYCOSIDES ON A PATIENT WITH CONGESTIVE 
HEART FAILURE 


Ludwig W. Eichxa, M.D., and Harry Taube, M.D. 

New York, N. Y. 

IN THE course of studies dealing with the circulatory effects ol the 
1 cardiac glycosides, we encountered a patient on whom a series of 
observations were made which to us seemed of particular interest. 

The several cardiac glycosides are known to show differences in theii 
action. 1-5 A full knowledge of these differences requires that many com- 
ponents of the circulation he examined (simultaneously, it possible) 
during the action of the glycosides on patients with congestive heart 
failure. Ideally, the circulation should be studied in t he same patient 
when therapeutic doses of the different glycosides arc given successively 
in equal gram-molecular amounts during like degrees ol circulatory fail- 
ure. Such a situation is rarely attained. As a rule, the circulation 
compensates partially or completely after the administration of the first 
glycoside, and this renders a comparable state for further observations 
impossible. In the present case, congestive circulatory failure returned 
to relatively the same status after the temporary improvement produced 
by each of a series of glycosides. It was then possible to compare the 
glycosides under conditions simulating the ideal. This comparison is 
here reported. 

In studying the effects of drugs on congestive heart failure, the cardiac 
glycosides present certain advantages over digitalis leaf. Preparations 
of digitalis have the disadvantage of unknown and variable composi- 
tion.® The glycosides are available in pure crystalline form and their 
chemical structure is known. The complete glycoside consists of a sterol 
nucleus to which is attached at carbon 17 a butyrolaetone ring, at carbon 
3 a desoxy-sugar, and, to the desoxy-sugar, several monosaccharide units 
may be attached. 7 

In this study, four glycosides were employed : lanatoside C, digoxin, 
digitoxin, and ouabain. Of these, only lanatoside C has all of the com- 
ponent structures outlined above. On hydrolysis, lanatoside C yields 
digoxin plus a monosaccharide (in this instance glucose) and acetic 
acid.®- 7 By similar hydrolysis, digitoxin is derived from lanatoside A 
or purified glycoside A, and ouabain (strophanthin) from strophanthus 
S ratus - B y employing these four purified substances, we were pre- 
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pared to compare a structurally complete glycoside (lanatoside C) with 
its first hydrolysis product (digoxin), and that product with similarly 
derived hydrolysis products (digitoxin, ouabain) of other structurally 
complete glycosides. 


METHODS 


All of the observations were made on the same patient, a 48-year-old 
woman with moderately severe congestive heart failure. The cause of 
her heart disease remained uncertain, but it was considered to be of the 
rheumatic type. There were no valvular defects. The rhythm was un- 
controlled auricular fibrillation, with a rapid ventricular rate. 

The patient was given, successively, several cardiac glycosides,* ad- 
ministered in equal gram-molecular amounts, as follows: lanatoside C, 
0.63 mg.; digoxin, 0.5 mg.; digitoxin, 0.5 mg.; and ouabain, 0.375 mg. 
This amounts to the administration of equal numbers of molecules of 
each drug, and permits a comparison of the glycosides in terms of mole- 
cule for molecule. The digitoxin was administered as digitaline Nativ- 
elle, a commercial preparation which is considered to contain at least 90 
per cent crystalline digitoxin. The only other medication received by 
the patient throughout the study consisted of laxatives and mild seda- 
tives. 


The glycosides were always given intravenously. This was done for 
two reasons: (1) to eliminate differences in absorption of the drugs, 
and (2) to induce therapeutic effects quickly (within several hours). 
When the heart failure is relieved partially or completely within sev- 
eral hours, observations can be made continuously throughout the entire 
period of recovery. This permits primary effects to be readily recog- 
nized and differentiated from secondary effects. Such a differentiation 
is not always possible when observations are made at intervals of many 
hours or days. 

The glycosides were given only when the patient had congestive heart 
failure. Each glycoside induced a prompt therapeutic effect which per- 
sisted for several days, after which heart failure reappeared. Another 
glycoside was then administered. It cannot be maintained that the de- 
gree of congestive circulatory failure was exactly similar each time a 
glycoside was given, particularly because the decompensation seemed to 
become more severe toward the close of the study. However, by giving 
each drug (except lanatoside C) twice, and the second dose during a 
somewhat different state of the circulation, it was possible to compare 
the different glycosides at quite similar degrees of congestive circulatory 
failure. 


Before a glycoside was given, the patient showed certain subjective 
and objective signs which indicated that the circulation had lapsed into 
relatively comparable states of failure. These were complaints of 
dyspnea, nervousness, restlessness, sweating, and precordial discomfort; 
a ventricular rate of 150 per minute, or more, for at least two da>s, 
usually three; and elevation of the venous pressure to 140 mm. to 150 
mm. of saline. Usually five days elapsed between the successive injec- 
tions of the glycosides. Once eight days elapsed before the above cntena 
were present. The last glycoside was given after an interval of but 
three days. The patient had suddenly developed cerebral infarction; 


•The authors wish to thank the fo low.ny compan.es ^^enerous supplies of the 
drugs used in this study: Burroughs Wellcome and Cornpanj , * laisoxin^ 
Carroll Dunham Smith Pharmacal Company ( ouabain ) , Labatoire Xatnelle, 
(digitaline Nativelle) ; Sandoz Chemical Works, Inc. (lanatoside c.;. 
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digitalis was considered immediately necessary, and the above criteria 

"T number of components of the circulation were measured frequency, 
and often simultaneously, before and during the aeUor not ch « l5 
The ventricular rate was counted, always foi a full minute, )> < ■ 
tationovlr Te prccordium. The arterial blood pressure was measured 



by the usual aseultatory method (with mercury manometer). Electro- 
cardiograms were obtained by standard limb leads. Venous pressure 
was. measured in the antecubital veins by the direct method, using a 
saline manometer. The vein and manometer were always levelled at the 
same point, namely, 5.5 cm. posterior to the angle of ‘Louis. Respira- 
tion was registered by a pneumograph encircling the chest. The volume 
of blood flow to the hand and calf (two dissimilar vascular areas) was 
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measured simultaneously by the plethysmographic method. The volume 
blood flow was measured during resting conditions and during the reac- 
tive hyperemia immediately after a five-minute period of ischemia. Teleo- 
roentgenograms and roentgenkymograms were made two to three hours 
before the injection of a glycoside, and again three to four hours after 
injection, when therapeutic effects were established. After decided 
slowing of the ventricular rate had occurred, vagal influence was abol- 
ished by the intravenous injection of 2.0 mg. of atropine sulfate, usually 
given one and one-half to two hours after the administration of the 
glycoside. 



Fig. 2. — Circulatory effects induced by 0.5 mg. digoxin administered intravenously. 
Degree of decompensation moderate. In this and subsequent charts the following 
obtains: The data of each chart are from the control period before injection of a 
glycoside to and including the control period before the next glycoside. The first 
vertical double arrow indicates injection of the glycoside, the second arrow injection 
of atropine sulfate. 


The observations were made in the morning, with the patient in a 
fasting state. One study (the second injection of ouabain) was carried 
out in the evening, when the sudden occurrence of more severe heart 
failure demanded immediate treatment. 

RESULTS 

The course of several circulatory components throughout the period 
of study is presented in Fig. 1, which shows the comparative effects pro- 
duced by the four glycosides. The ventricular rate generally remained 
at 150 to 160 per minute. After each glycoside the rate fell sharply to 
normal, where it remained for several days. It then rose quickly to its 
previous high level. An abrupt fall of the venous pressure to normal 
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and a slight increase in the arterial pulse pressure accompanied each 
decrease in ventricular rate. The venous pressure tended to return to 
its former high level more slowly than the ventricular rate. 1 he changes 
in ventricular rate and venous pressure were relatively short-lived and 
their duration was comparable when digoxin, lanatoside C, and ouabain 
were given. When digitalinc Nativellc induced similar changes, they 
were slower in their onset and longer in duration (Tables 1 and 11). 



Fig. 3. — Circulatory effects Induced by 0.3 mg. illgoxln administered Intravenously. 
Degree of decompensation moderate. In tills and subsequent charts the volume iif 
blood (low to the hand and calf during the resting state Is Indicated by the uncon- 
nected solid dots; blood hows during reactive hyperemia are connected by the dotted 
lines. Each dot represents a measurement of blood (low. 


Each subsequent, chart (Pigs. 2 to 8) shows the effects produced by 
a glycoside from the time of its injection until the next drug was given. 
The charts are presented in the order in which the drugs were admin- 
istered. The eitect of the first, dose of digoxin is not graphed because 
the amount (1.5 mg.) given exceeded the calculated, equal, gram-mole- 
cular dose. Rather than analyze the charts in detail, the circulatory 
effects of the glycosides will be indicated in relative terms. 

Ventricular Rate (Table I). — Ouabain decreased the ventricular rate 
most rapidly; initial slowing was noted within three to four minutes 
(Pigs. 5 and 7). Several hours elapsed before significant slowing oc- 
curred after digitalinc Nativellc (Pigs. G and 8), and the full effect was 
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hcsis indicates the most representative rate. 
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not apparent until the next day. Between these two were digoxin and 
lanatoside C; digoxin was slightly more rapid in its action. The ven- 
tricular rate began to slow within three to eight minutes after digoxin 
(Figs. 2 and 3), and within seven to nine minutes after lanatoside C 
(Fig. 4). The final quantitative effect produced by a given glycoside 
varied somewhat with the degree of decompensation, but the pattern 
of the response to each glycoside remained the same (compare digoxin 
Fig. 2 with Fig. 3, ouabain Fig. 5 with Fig. 7, and digitaline Nativelle 
Fig. 6 with Fig. 8; Table I). 



Venous Pressure . — The venous pressure fell rapidly to normal after 
the administration of each glycoside (Table II). Again, ouabain ini- 
tiated effects most rapidly, within three minutes (Figs, n and 7), and 
digitaline Nativelle most slowly, after twenty-five to thirty minutes 
(Figs. 6 and S). After both digoxin (Figs. 2 and 3) and lanatoside C 
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(Fig. 4), the initiation of effect, four to eight minutes, was but slightly 
less rapid than after ouabain. 

The decrease in venous pressure did not necessarily parallel the slow- 
ing in ventricular rate. For example, the first administration of. digi- 
taline Nativcllc (Fig. 6) induced a considerable fall in the venous pres- 
sure but very little change in the ventricular rate. After lanatoside C 
(Fig. 4), the venous pressure decreased more rapidly than the cardiac 
rate. Ouabain on each of two trials lowered the venous pressure to 8S 
mm. of saline (Figs. 5 and 7). The concomitant changes in cardiac 
rate differed considerably. On the first occasion the ventricular rate fell 
to 90 per minute (Fig. 5), and, on the second, to .120 per minute (Fig. 7). 



]v Fi &^ Clr , cu , Iator >’ cffec . t , s ind uccd by 0.375 J))sr. ouabain administered intravenous- 
re’stlMsif^ of decompensation moderate. Atropine sulfate caused much tenseness 
ven t ous Sl pres'sure n,OVCments - To «*'» attributed the rise' in 


Finally, when vagal tone was released by the injection of atropine sul- 
fate at a time when therapeutic effects had become established, the ven- 
tricular rate increased sharply, but the venous pressure remained un- 
changed (Figs. 2 and 4). 
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Arterial Blood Pressure . — After the injection of the glycosides the 
systolic pressure usually rose, whereas the diastolic pressure remained 
relatively constant. As a result, the pulse pressure increased. These 
changes were most marked when the circulation was very poor and the 
pulse pressure small, for example, after the second injections of ouabain 
(Pig. 7) and digitaline Nativelle (Pig. 8). 'When the circulation was 
somewhat better and the pulse pressure was already normal, the arterial 
pressure remained relatively constant, even though' the venous pressure 
and ventricular rate decreased markedly; for example, the first injec- 
tion of digoxin (Fig. 2). 



Peripheral Blood Flow .— The return of the venous pressure and ven- 
tricular rate to normal was not accompanied by a significant alteration 
in the volume of blood flow to the resting hand and calf (Figs. 3, 4, a, 
and 6). During reactive hyperemia the blood flow changed equivocal!} , 
or not at all. and often the changes in the blood flow to the hand were 
not even in the same direction as those to the calf (Figs. 3, 4, a, and 6). 
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Respiration . — On three occasions Cheyne-Stokcs respiration was pres- 
ent when a glycoside was given (lanatoside C, ouabain, digit aline Na- 
tivelle). Normal respiration was restored fourteen minutes after lana- 
toside C (Fig. 4), and twenty-eight minutes after ouabain (Fig. 7), 
but more slowly, fifty-two minutes, after digitaline Nativelle (Fig. 6). 

Electrocardiograms . — The initial therapeutic effects induced by the 
four glycosides were not accompanied by significant changes in the elec- 
trocardiogram, other than a slowing of the ventricular rate. 



Teleorocntgcnograms . — The size and shape of the cardiac silhouette 
showed no, or little, change when teleoroentgcnograms made during the 
initial therapeutic effects were compared with those taken before admin- 
istration of the glycosides. 

Release of Vagal Tone . — After the injection of 2.0 mg. of atropine 
sulfate, the ventricular rate increased sharply. It usually reached a 
maximum which was midway between the high initial value before the 
injection of the glycosides and the lowest value before the atropine was 
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administered (Figs. 2, 3, 4, and 5). This increase in ventricular rate 
was not accompanied by a significant change in venous pressure, arterial 
blood pressure, ox* volume of blood flow to the calf and hand. 



discussion 

This study is reported because the *»«r Shiite 
der conditions which were more adequate , cannot be 

possible. From observations on one pa.tent^a or the 

formulated concerning the mode ■ si „ niftain t that studies on 

differences between them. IIovcac , • ■ = t‘ikin ,r a single 

other patients who recovered from heart failure »««' 
glycoside confirm many of the data hcie picsen c a eom pari- 

The administration of equal gram-mo ecu ^ or ° molecule T his is not 

son of the glveosides in terms of mo ee nwtive or Iherapcutic 

neccssarilv equivalent to a comparison in terms of eft cine o. lie.a e. 

doses. It was no. the purpose of this study !° “"^H^nced 
the dose of a glycoside would change t ic ' api ouabain achieved 

effects. Certainly, compared molecule for «l«» ^ m s. ^ 

therapeutic effects most rapidly, and d.gilabne Iwtncllc mo 
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Between these two, but resembling ouabain more closely, were digoxin 
and lanatoside C; the former was slightly more rapid in its action. 
These differences in the actions of the glycosides are not yet explicable 
on the basis of their chemical structure or physical chemical properties. 

When administered intravenously, the cardiac glycosides induced 
changes in several of the components ot the circulation with surprising 
rapidity. Most noteworthy was the rapid reduction of the elevated 
venous pressure to normal (usually within thirty minutes to two hours). 
This change did not necessarily parallel the change in ventricular rate. 
It occurred without significant alteration in the volume ot. Ihe peripheral 
blood flow and without change in the size and shape of the cardiac sil- 
houette. Concomitantly, Cheyne-Stokes respiration disappeared. 

In the absence of data on cardiac output, Ibis study does not explain 
the mode of action of the cardiac glycosides. It does, however, indicate 
a method which, when amplified by the addition of serial measurements 
of cardiac output, gives promise of clarifying the controversy 8 ' 11 con- 
cerning the mode of action of digitalis and its component glycosides. 


SUMMARY 

1. In a case of auricular fibrillation and congestive heart failure the 
circulation compensated promptly, but temporarily, after each intra- 
venous administration of lanatoside C, digoxin, digitalinc Nativclle, and 
ouabain. The drugs were given successively and in equal gram-molecular 
amounts. 

2. When compared molecule for molecule, ouabain initiated effects 
most rapidly, and digitalinc Nativellc most, slowly. Between the two, but 
resembling ouabain more closely, were digoxin and lanatoside C; the 
former was slightly more rapid in its action. 

3. When the cardiac glycosides were administered intravenously they 
produced abrupt changes in several circulatory functions without altera- 
tions in others : 


a. Elevated venous pressure fell quickly to normal. 

b. Rapid ventricular rate slowed promptly. 

c. Diminished arterial pulse pressure increased as a result of eleva- 
tion of the systolic pressure. 

d. Volume of the blood flow to the calf and hand remained un- 
altered. 

e. Cheyne-Stokes respiration speedily disappeared. 

f. Cardiac size and shape did not change. 

g. Electrocardiograms showed only a slowing of the ventricular rate. 


The authors wish to thank Dr. Arthur C. DcGraff for his advice and heinf.,1 
criticism throughout this study. This investigation was conducted with tlm toni ^ l 
assistance of Miss Bertha Rader and Miss Helen Pomjkala " technical 
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SUBARACHNOID HEMORRHAGE CAUSED BY RUPTURED 
INTR ACRANIAL ANEURYSM 

A. L. Smis, M.D., and P. C. Kkil, M.D. 

Iowa City, Iowa 

T HE term “spontaneous suliaraehnoid hemorrhage/' which has been 
used for many years to designate meningeal bleeding of nontraumatic 
origin, is confusing and meaningless, and should be discarded. This 
viewpoint was emphasized by Smith, 1 Ayer, 2 and Sands. 3 In the ma- 
jority of instances, such conditions as ruptured intracranial aneurysm, 
extension of a massive cerebral hemorrhage into the subarachnoid space, 
hemorrhage from a neoplasm, meningeal inflammation, or a blood dys- 
crasia can be established as the cause. 

Our attention has been directed to tiie importance of recognizing 
aneurysm of the circle of Willis and its adjacent branches as the cause 
of the bleeeding. We feel that aneurysms are responsible for the ma- 
jority of examples of subarachnoid hemorrhage of nontraumatic origin. 

In this report we wish to review .the clinical features in 64 eases in 
which a diagnosis of subarachnoid hemorrhage caused by ruptured intra- 
cranial aneurysm was made. We also wish to discuss the pathologic 
observations on twelve patients who died as the result of rupture of 
aneurysms located in and around the circle of Willis. In none of these 
cases was there evidence of bacterial endocarditis or other types of septi- 
cemia. We are aware of the possibility that unrecognized trauma, hem- 
orrhage from a neoplasm, or subarachnoid bleeding secondary to massive 
cerebral hemorrhage might have occurred in the cases in which the pa- 
tients survived. The clinical features, however, are sufficiently definite 
to enable one to make the correct diagnosis in the majority of instances. 
This group of patients was examined at the University Hospital in the 
ten-year period from 1932 to 1942. 

The literature is replete with discussions of aneurysms of cerebral 
vessels. McDonald and Korb; 1 for example, reported 1,125 cases of 
saccular aneurysms of arteries at the base of the brain in which the di- 
agnosis was verified by autopsy or operation. Another comprehensive 
review of the subject was made by Richardson and Hyland, r> who studied 
118 patients with subarachnoid hemorrhage and eight patients with 
large, unruptured aneurysms over an eleven-year period. 

The etiologic factors can be grouped under the following headings: 
congenital weakness of vessel walls, arteriosclerosis, inflammation, and 
trauma. The importance of congenital weakness of the vessel walls in 

Io\vaj°ColIcge ^oC^Medicinc. ° f Neu,olow ' alul Intc ”> al Medicine. State University of 
Received for publication Jan. 3S, 1043. 
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the production of aneurysms was pointed out by Bppingcr ® and has been 
emphasized by Fearnsides , 7 Turnbull , 8 Forbus/' and Courville and 
Olsen . 10 The fact that such hemorrhages have occurred in young per- 
sons has led numerous observers to conclude that a congenital defect 
must be the underlying cause. Anomalies in the vessels of the circle of 
Willis are thought by some authors to be contributory . 11 > 12 On the 



Fig. 1.— Massive subarachnoid hemorrhage resulting from rupture of aneurysm of 

left internal carotid artery. 

other hand, Ellis 13 regarded arteriosclerosis as the cause of tnese aneu- 
rysms. His view was shared by Tuthill , 14 Symonds, 1 " and Strauss, Globus, 
and Ginsburg. 1 ® “Mycotic” aneurysms have been reported by Politick, 1 ' 
and Esser . 18 In the opinion of Cushing , 10 many aneurysms of early 
life are of mycotic, rather than congenital, origin. Syphilis and tiauma 
play a minor role. 



The most common finding at autopsy is a mass of clotted blood filling 
the subarachnoid space at the base of the brain (Pig. 1). Variable 
amounts of blood are extravasated over the convexity. The hemorrhage 
may occur into the ventricular system, as well. Occasionally, the blood 
will dissect through a lobe of the brain, and, rarely, may break into the 
subdural space (Fig. 2). Sometimes the aneurysm can be found without 
difficulty in the mass of clotted blood. We would like, however, to 
emphasize the importance of fixing the entire brain in formalin if the 
source of bleeding cannot be ascertained at once. In many instances 
the aneurysm will be found only when careful dissection of the circle 
of Willis and its adjacent branches is carried out after the brain is 
properly fixed (Fig. 3). 



toma over right frontal, parietal, and temporal lobes. ' I g a sut clural hema- 


We have examined the aneurysms microscopically in twelve autopsy 
cases ( able I) Six of the aneurysms were removed in toto, embedded 
m celloidm and sectioned serially. The occurrence of these aneurysms 
at points of bifurcation is a well-established fact (Figs. 3, 4, and 8). 
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Microscopically, the aneurysmal wall is thin. The vessel, composed prin- 
cipally of fibrous tissue, undergoes progressive stretching and thinning 
until it ruptures (Fig. 5). In most instances the aneurysmal sac takes 
various stains poorly; hyalinization is common. The intimal lining is 
usually intact up to the point of rupture. In some of the specimens, 

Table I 


Principal Autopsy. Observations in Twelve Cases of Intracranial Aneurysm 


AGE 

(ye.) 

SEX 

LOCATION 

DIRECTION OF 

RUPTURE 

PROBABLE 

CAUSE 

COMMENTS 

33 

M 

L. int. 
Carotid 

Subarachnoid 

space 

Congenital 

Death after craniotomy 
Leptomeninges extensively 
thickened 

51 

F 

L. int. 
Carotid 

Subarachnoid 

space 

Intraventricii-- 
lar via floor 
of third 
ventricle 

Congenital 

- 

• r 

Small right internal carotid 
and left vertebral arteries 

32 

M 

L. post. 
Cerebral 

Subarachnoid 

space 

Congenital 

Positive Wasserinann 
Extensive vascular syphilis 
in arteries other than an- 
eurysm 

51 

M 

It. ant. 
Cerebral 

Subarachnoid 

space 

Intracerebral 

(frontal) 

Inflammatory 

(?) 

Cultures and special stains 
for bacteria were negative 

24 

M 

L. int. 
Carotid 

Subarachnoid 

Intracerebral 

(frontal) 

Intraventricu- 

lar 

Congenital 

Polycystic kidney disease 

59 

M 

It. middle 
Cerebral 

Subarachnoid 

Intracerebral 

(temporal) 

Intraventricu- 

lar 

Congenital 

Extensive arteriosclerosis 
elsewhere ; encephalomnln- 
ciu, right parietal lobe 

45 

M 

R. middle 
Cerebral 

Subarachnoid 

Intracerebral 

(temporal) 

Arterioscle- 

rotic 

Encephalonialacia, right 
temporal 

37 

M 

Basilar 

Subarachnoid 
Intraventricu- 
lar via floor 
of third 
ventricle 1 . 

Congenital 

Massive, recent, subdural 
hemorrhage 

38 

F 

It. int. 
Carotid 

Subarachnoid 

Intracerebral 

(temporal) 

Subdural 

Congenital 

Oo 

M 

Ant. 

Communi- 

cating 

Subarachnoid 

Intracerebral 

(frontal) 

Intraventricu- 

lar 

Inflammatory 

Acute arteritis at point of 
rupture 

44 

AI 

Ant. 

Communi- 

cating 

Subarachnoid 

Intracerebral 

(frontal) 

Intraventricu- 

lar 

Subarachnoid 

Intracerebral 

(temporal) 

Congenital 

Anomalous anterior cerebral 
arteries 

45 

F 

It. middle 
Cerebral 

Congenital 

Polycystic kidney disease 




Pig- 3 —Small aneurysm located at the first bifurcation of the right middle cerebral 
arterv.' Although the point of rupture was not demonstrated grossly, it was readily 
Identified in serial sections after embedding the specimen in toto in celloidin. 



ar Z!g- , 4 iT D l ss »? tion Pi en . tire , ? ircle of Willis to show ruptured aneurysm of basilar 
aflS s ! A) at the point at which ^ bifurcates to form the two poSeidor cerebml 
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irregular thickening of the subintimai zone is seen (Fig. 5). In nine 
of the twelve specimens it was possible to demonstrate, with Weigert’s 
elastic tissue stain, the presence of an internal elastic membrane which 
was very attenuated and defective, particularly at the points of rupture 
(Fig. 6) . Occasionally one finds bits of media, but the amount of muscle 
tissue is so small as to be almost valueless from the functional stand- 
point. In most instances, no inflammatory reaction is present. In two 
of the specimens, however, some infiltration of the aneurysm wall by in- 
flammatory eells, principally lymphocytes, was seen (Fig. 7). In one of 
these (Fig. 7), a zone of inflammatory elements extended through the 
wall at a place removed from the point of rupture. The basic aneurysmal 
process, especially fragmentation of the media, remains the same. In the 
other specimen the appearance was more nearly that of a true mycotic 
aneurysm. By way of summary, then, the following changes are seen 
in greater or lesser degree : thinning of the aneurysmal wall, hyaliniza- 
tion and fibrosis of the wall, proliferation of the intima, attenuation and 
straightening of the elastic membrane, thinning or absence of the media, 
and cellular infiltration. 



mg'. 5. — Aneurysm located at first bifurcation of right middle cerebral ai ten- 
Although there was extensive arteriosclerosis elsewhere, aneurysmal wall is tin • 
There is extensive fragmentation of' vessel wall, especially at the point or rupture. 
One small area of intimal thickening is seen. Heniatoxylin-eosin stain. 


From our observations, we would subscribe to the theory of congenital 
weakness of the vessel wall as the factor responsible for the majority of 
these aneurysms. Our studies indicate that, for the most part, we are 
dealing with a long-standing disorder which results in progressive 
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fi Aneurvsm of the first bifurcation of the right middle cerebral artery. 

The point of rupture is at (If). Note the fragmentation of the elastic layer and the 
patchy thickening of the intimal layer. WelgcrCs elastic tissue stain. XIo. 
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Pig. 7. — Aneurysm of right middle cerebral artery, showing zone of inflammatory 
cells in only one portion of the wall at some distance from point of rupture. The 
thinning of the wall, fibrosis, and defect in elastica are well seen. Hematoxylin-eosin 
stain, X75. 
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stretching of the vessel wall to the bursting point. The occurrence of 
these lesions at bifurcations, the presence of anomalies in the circl.6 of 
Willis (Pigs. 8 and 9) and other conditions, such as polycystic kidney 
disease, further strengthen the theory of the congenital nature of these 
aneurysms. Elevated blood pressure probably plays a part in the 
ultimate rupture of the vessel. It is difficult to evaluate the importance 
of other factors, such as ageing of the vessel andffoxic or degenerative 
influences. - 

A common immediate sequel to rupture of a vessel of the circle of 
Willis or its larger branches is extravasation of blood into the sub- 
arachnoid space (Fig. 1, Table II). The irritating effect of blood pro- 
duces signs and- symptoms of meningitis. Another phenomenon which 
is often encountered is the local pressure effect of the enlarging aneurysm 
or of the effused blood. The optic nerves and tracts and the oculomotor 
nerves are often involved. Blood may be forced through the brain sub- 
stance, with the production of other focal signs. Intraventricular rup- 
ture has beeif frequent in the cases in which the patients died (Table I). 

The condition under consideration is a disease of middle age. The 
average age of our patients was 43 years. The oldest patient, in our 
series was 72 years of age, and the youngest, Id-wears. The sex distribu- 
tion was approximately equal. In only ten of bur cases did some form 
of severe mental or physical strain precede the rupture ; the majority of 
ruptures occurred during ordinary activity. 

The onset is usually abrupt. Characteristically, there is sudden, severe 
pain in the head or in the back of the neck. The headache is usually of 
a diffuse type, but in some cases the pain takes. a definile localizing char- 
acter in one temple or behind the eye. Nausea.. and vomiting occur with 
considerable frequency. Visual disturbances of one. type or another 
are commonly experienced. Convulsions occur occasionally. When con- 
vulsions are present they are usually generalized in type. Conscious- 
ness may or may not be lost after rupture of an aneurysm. 

The clinical signs are usually quite characteristic. When blood is ex- 
travasated into the subarachnoid space, it gives rise to the symptoms 
of meningitis, namely, stiffness of the neck and a positive Kernig s sign. 
There is usually a mild febrile reaction which lasts while the blood is be- 
ing absorbed. A rise of temperature to 103 or 104° F. in the absence of 
pneumonia and in the presence of increasing coma usually indicates 
intraventricular bleeding. Ilemiparesis or hemiplegia is caused >> 
pressure of the extravasated blood upon the cerebral peduncles, laceia- 
tion of brain substance by effused blood, or softening of the brain m t ic 
area supplied by the involved vessel. 

• CASE REPORTS 

Case 1 (R, W.).— Rupture of intracranial aneurysm, .with subarach- 
noid hemorrhage, following.exerlipu. Similap attack one month a ei. 
Bloody spinal fluid. No localizing signs. No recurrence of symptoms 
in subsequent seven months. 
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Fig. S. — Aneurysm of the anterior communicating artery, showing point of rupture. 
The left anterior cerebral artery (A) is rudimentary, and does not communicate with 
the aneurysm, hut joins the large left branch (A') arising from the region of the 
aneurysm. The major portion of the vascular supply is thus carried through the 
right anterior cerebral artery (/>), from which vessel the aneurysm and two normal- 
sized anterior cerebral arteries (A') (S') emerge. 
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Fig. 0.— Section of aneurysm shown in Fig. 8. Identification markings as above 
Weigert s elastic tissue stain, XG. 
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Approximately 25 per cent of these patients were admitted to the hospital several weeks after the beginning of the bleeding. 
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Tills 14-year-old boy was well until October, 1941, when he developed 
a severe headache alter a short period of exercise. Within fifteen min- 
utes he began to vomit because of the headache. He remained in bed 
two weeks, during which time his headache gradually subsided. He was 
well until Nov. 13, 1941, when he suddenly developed headache, again 
after exertion. He vomited hourly during the night, complained of a 
stiff neck, and became irrational. 

Examination on admission to the hospital on Nov. 14, 1941, showed 
that he was well developed and well nourished. His temperature was 
98.6°, his pulse rate, 72, and his respiratory rate, 20. There was con- 
siderable photophobia. His neck was stiff, and Kernig’s sign was pres- 
ent. His blood pressure was 110/80. The spinal fluid was under an 
initial pressure of 175 mm., and was grossly bloody. The blood and 
spinal fluid Wassermann reactions were negative. Five days later the 
spinal fluid was under an initial pressure of 105, was xanthochromic, 
and contained 1,250 erythrocytes per c. mm. Examination of the urine 
and blood showed nothing remarkable. 

For a period of two days after admission he complained of severe 
headache and vomited frequently. These symptoms gradually subsided, 
and, by the time of discharge from the hospital, Nov. 22, 1941, he was 
free of symptoms except for a very mild headache. He had no further 
attacks up to the time of his last examination, June 6, 1942, at which 
time lie felt well and exhibited no abnormal neurologic signs. 

Case 2 (W. J.). — Three separate subarachnoid hemorrhages. Resid- 
ual paresis of cranial nerves. 

This 56-year-old foundry worker was first admitted to the University 
Hospital April 4, 1936. His past history was unimportant except for 
the fact that he had had a fall in 1935, involving the right temporal re- 
gion, and suffered from a headache for a period of one day. On Feb. 13, 
1936, he developed a sudden, severe pairi in the right temporal and oc- 
cipital regions, with vomiting and stupor. Spinal punctures revealed 
increased pressure and bloody spinal fluid. The second attack occurred 
Feb._ 24, 1936, when, in addition to the severe headache, he developed 
ptosis of the right upper lid and experienced double vision when the lid 
was held up. 

Examination on admission, April 4, 1936, showed percussion tender- 
ness over the right temporoparietal region, complete oculomotor nerve 
paralysis on the right side, and evidence of generalized arteriosclerosis. 
His blood pressure was 130/85, and his blood Wassermann reaction was 
negative. . The spinal fluid examination was negative. He improved 
slightly with rest in bed and sedatives. At time of discharge his oculo- 
motor paralysis had diminished. 

He worked daily until August, 1941, when he was suddenly seized 
iY a sevei ' e oc °ipital and cervical pain. A spinal puncture revealed 
bloody fluid. He improved slightly until the time of his second admis- 
sion to the. hospital, Aug. 15, 1941. Additional abnormalities at this - 
time were right abducens paresis and a positive Babinski sign on the left. 
I he spinal fluid was subsequently xanthochromic, was under an initial 
pressure of 250 mm., and contained 105 mg. of protein per 100 c.c. All 
of the new signs disappeared, so that, by August 21, he exhibited only 
the right-sided oculomotor paresis. 

He returned to work, but relapsed on Nov. 10, 1941, and again on Dec. 
“7, 1941. After this last attack he was again admitted to the hospital, 
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where he remained for several weeks. He refused to have a diagnostic 
arteriograpliic examination or exploratory craniotomy performed. 

Case 3 (J. M. ). — Two subarachnoid hemorrhages six years previous 
to the fatal attack. Sudden onset of severe headache after exertion, 
unconsciousness, slight improvement, 'then relapse and death in five 
days. Grossly bloody spinal fluid. Autopsy: congenital aneurysm of 
anterior communicating artery, with anomalous anterior cerebral artery. 

The patient was 44 years old. In December, 1936, this patient sud- 
denly experienced severe headache, vomiting, stiffness of the neck, and 
bradycardia. There was no loss of consciousness at any time during this 
attack. Neurologic examination showed no focal cerebral signs. Lumbar 
puncture eight days later revealed xanthochromic fluid. After the re- 
moval of 15 c.c. of spinal fluid he obtained relief from the headache and 
felt well until January, 1937, when another hemorrhage occurred. In 
this attack he was unconscious for several weeks. A total of nine spinal 
drainages were performed. Again, there were no definite signs indicat- 
ing the exact site of the ruptured vessel. He recovered from this ilhiess 
much more slowly than from the previous one, but was able to resume his 
duties as a university professor in the fall of 1937. Neurologic exam- 
ination at intervals showed nothing abnormal. His blood pressure 
ranged from 134/84 to 148/96. 

On Feb. 26, 1942, he suddenly developed a severe headache following 
a short period of exertion, and soon became unconscious. One hour later 
he was admitted to the University Hospital in a stuporous condition. 
His temperature was 99.8° F. There were several flame-shaped hemor- 
rhages in the right retina. His blood pressure was 220/146. He moved 
his anns and legs well, but there was a bilateral plantar extensor re- 
sponse. He was incontinent. The spinal fluid, which was grossly 
bloody, was under an initial pressure of 400 mm. The blood and spinal 
fluid Wassermann reactions were negative. He improved slightly during 
the following day, then gradually * grew worse. Several more spinal 
punctures showed a grossly bloody fluid which was under increased 
pressure. He died on the fifth day. Terminally, his temperature rose 
to 107° F. 

Autopsy was limited to the brain, which weighed 1,700 grams. Ex- 
tensive hemorrhage was present throughout the entire subarachnoid 
space, especially around the base. After the brain was fixed in formalin, 
the vessels of the circle of Willis were dissected out. The right vertebia 
artery was one-half the size of the left. The anterior cerebral supp y 
was anomalous (Fig. 8). The proximal portion of the left antenoi 
cerebral artery was rudimentary. Most of the blood supply m this le- 
gion was carried by way of the right branch. In the region o _ ie 
anterior communicating artery there was a. thin-walled aneurysm w lie l 
measured 2 by 1.5 by 1.5 cm. The point of rupture was readily demon- 
strated. Two equal-sized anterior cerebral arteries arose from tus 
aneurysm, and the filamentous anterior cerebral artery joined the e/ 
branch approximately 3 cm. distal to the aneurysm. There was co ns j 
erable hemorrhagic softening of the medial surfaces of both i° n . a , 
lobes. Bleeding had occurred into the ventricles by way o± the anterior 
horns. The aneurysm was embedded in celloidin in toto and see lone 

serially. . , r 

Microscopic sections were stained with hematoxylin and cosin, i as 
son’s trichrome stain, and Weigert’s elastic tissue stain. The aneurysm 



SAHS AND KEIL : SUBARACHNOID HEMORRHAGE 


657 


(Fig. 9) was thin-walled and fibrotic. Bits of muscle tissue could be 
identified in the wall, in addition to a few fragmented remnants of the 
elastic layer. A few patches of intimal thickening were in evidence. 
There was no sign of inflammation in the wall of the aneurysm. 

Case 4 (D. B.). — Hypertension, headaches, and increasing irritability 
for five months. Unconsciousness, followed by restlessness and severe 
headache. Bloody spinal fluid. Second attack three weeks latex', as- 
sociated with convulsions. Death in twenty-five minutes. Autopsy: 
aneurysm of basilar artery, with rupture through floor of third ventricle 
and intraventricular hemorrhage. 

The patient was 37 years old. This man was refused insurance seven 
years befoi-e admission because of hypertension. Five months before ad- 
mission he begaix to complain of headaches which were worse in the 
moiming, and his wife noticed that he was becoming inci’easinglv ir- 
ritable. However, he continued to work until nine days before admis- 
sion, when, about 4 a.m. on Sept. 27, 1941, he began to breathe noisily and 
could not be roused. He recovered consciousness in two hours, then 
began to vomit. His physician found that his systolic blood pressure 
was 220 mm. Hg. He was given several hypodermic injections during 
the day. That evening he became very restless, and was taken to a local 
hospital, where he became disoriented, and, finally, stuporous. 

When admitted to the University Hospital, Oct. 3, 1941, he was very 
drowsy. His head was l-etracted and his neck was stiff. Examination 
of the ocular fundi showed advanced hypertensive retinal disease. His 
blood pressure was 2i0/130. Examination of the urine showed a trace 
of albumin. The blood cell count was normal. The blood Wassermann 
reaction was negative. The spinal fluid was under an initial pressure 
of 50 mm., showed a positive Pandy test for globulin, 7 cells, a nega- 
tive Wassermann reaction, and a positive test for blood. 

He improved gradually at first. His drowsiness disappeared and he 
complained less of headache. During the night of Oct. 15, 1941, he de- 
veloped a convulsion in his sleep, his respirations became stertoi’ous, and 
he died within twenty-five minutes. 

The brain weighed 1,740 grams. The basilar leptomeninges were filled 
with clotted blood. After the brain was fixed in formalin the circle of 
Willis was dissected free. Atheromatous changes were found in all the 
branches of the circle of Willis. At the bifurcation of the basilar artery 
there was an aneurysm the size of a cherry (Fig. 4). It had ruptured 
through the floor of the third ventricle and had filled the entire venti'icu- 
lar system with blood. 

Serial sections were made of the basilar aneurysm after it had been 
embedded in celloidin. A control specimen was prepared from the 
right middle cerebral artery. These sections were stained with hematox- 
ylin and eosin, Masson’s trichrome stain, and Weigert’s elastic tissue 
stain. 

Sections of the basilar ai'teiy at its bifurcation showed a comparatively 
large rupture. Although the vessels elsewhere showed advanced athero- 
sclerotic changes, the aneurysm was thin-walled, and consisted mostly of 
fibrous tissue which contained remnants of media and elastica Only a 
few patches of intimal thickening could be seen. There was no evidence 
of inflammation in the aneurysm wall. 
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Case 5 (E. R.). — Sudden onset of severe headache, followed by vomit- 
ing. Two days later, a second attack, followed by convulsion and stupor. 
Blindness, weakness of the right arm and leg. Papilledema, right-sided 
oculomotor paralysis. Bloody spinal fluid. Third attack ten days later, 
resulting in death. Autopsy: aneurysm of left internal carotid, with 
massive rupture through loft temporal lobe into the left subdural space. 

This 38-ycar-old housewife was admitted to the University Hospital 
Jan. 2, 1942, in a stuporous condition. Her husband gave the informa- 
tion that she had been in good health, except for mild epigastric distress, 
until the aft ernoon of January 2, when .she suddenly called to him that 
something had broken in her head. She did not fall or lose consciousness, 
but immediately developed a headache and was forced to go to bed. 
Approximately five hours afterward she vomited. She remained in bed 
the following day because of moderately severe headache. On January 
4, however, she awakened at 4 a.m., screaming because of pain in her 
head. She had a brief generalized convulsion and lapsed into stupor. 
Later in the morning, however, she could be roused. She complained 
that she was completely blind, and was mentally confused. Her right 
arm and leg were weak. 

On admission to the hospital she was stuporous but responsive. Ex- 
amination January 5 revealed ptosis of the right eyelid, a dilated and 
practically immobile right pupil, and external deviation of the right 
eye. There was bilateral papilledema, with vaginal sheath hemorrhages 
in both retinae. Vision O.D., 6/30; O.S., light and shadow. Temper- 
ature, 102° F., pulse rate, SO, respiratory rate, IS. Her neck was very 
stiff to anteflexion. The blood pressure was 150/100. Examination of 
her extremities showed no evidence of weakness or changes in the reflexes 
or sensations. No bruit could be heard on auscultation of the skull. 

Her urine was normal except for a trace of albumin. The erythro- 
cyte count was 5.65 million, the hemoglobin, 14.0 grams, and the leuco- 
cyte count, 17,200. The blood smear was normal. The blood Wasser- 
mann reaction was negative. The initial pressure of the spinal fluid 
was 210 mm. with the patient in the horizontal position; the fluid was 
bloody, contained 40 leucocytes per c.mm., and gave a strong^ positive 
reaction for blood and a negative Wassermann reaction. 

She improved gradually, had less headache, and her vision returned. 
On the morning of January 12 her headache suddenly returned, she cried 
out, and had a generalized convulsion. Her respirations became shallow 
and rapid, and she died in forty minutes. 

The important autopsy observations were confined to the brain, which 
weighed 1,450 grams. There were approximately 244 ounces of freshly 
clotted blood in the right subdural space over the frontal, temporal, and 
parietal regions. The blood had come from the right internal carotid 
artery and had forced its way through the substance of the inferior 
portion of the right temporal lobe into the subdural space (Fig. 2). 
Blood had also extravasated into the temporal horn of the right lateral 
ventricle. 

The aneurysm was tliin-walled and fibrotic. The adventitia contained 
a few inflammatory cells, mostly lymphocytes. In other respects, how- 
ever, the microscopic appearance was the same as that in the previous 
cases. 
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DIAGNOSIS 

Ordinarily, the diagnosis of this condition is not difficult . 'I he sudden 
onset of headache, symptoms and signs of meningeal irritation, and the 
presence of blood in the spinal fluid usually constitute sufficient evi- 
dence on which to make a diagnosis. Subarachnoid hemorrhage aftei 
trauma or during the course of one of the hemorrhagic disorders should 
present no unusual diagnostic, difficulties. The sudden appearance ol 
cranial nerve paralysis or visual field defect, with headache, suggests 
an intracranial aneurysm. If the meningeal syndrome appears, and if 
the spinal fluid is found to be bloody, the diagnosis is almost certain. 
Multiple sclerosis, brain tumors, and infections, such as cerebrospinal 
syphilis, should also be considered in the differential diagnosis. If the 
patient is seen several weeks or months after the attack, diagnostic diffi- 
culties may be increased. An expanding intracranial aneurysm, with- 
out rupture, will often be diagnosed as a cerebral neoplasm. Perhaps 
the most difficult problem of all is the differentiation from primary intra- 
cerebral hemorrhage. The history of previous rupture is of value. 
In cases of primary intracerebral hemorrhage the paralysis usually ap- 
peal’s at the onset. In cases of ruptured aneurysm and extension of 
the bleeding intracercbrally, paralysis of the extremities is sometimes 
delayed. When the patients are unconscious and have bloody spinal 
fluid and a stiff neck, the correct diagnosis may not be possible. 

A bruit is rarely heard over these aneurysms. Roentgenograms of the 
skull usually show nothing abnormal. Arteriographic examination of 
the cerebral vessels offers some hope of ascertaining the exact location 
of some of these lesions, but will often be disappointing in the case of 
the smaller aneurysms. 

PROGNOSIS 

In general, the prognosis is not good. Admittedly, in most of the 
cases which we have seen the disease was most severe. It is possible that 
a small defect in a vessel wall may heal without further trouble. How- 
ever, if the patient survives one attack he is likely to have others. The 
immediate prognosis will often be in doubt. Decerebrate rigidity, a 
rising temperature, and the persistence of gross blood in the spinal 
fluid are ominous signs. The mortality is higher in older persons and 
in those who have arterial hypertension. 

TREATMENT 

The treatment of meningeal hemorrhage caused by ruptured intra- 
cranial aneurysm is principally symptomatic. Absolute rest in bed and 
analgesics are ordinarily recommended. Unusual exertion should be in- 
terdicted, and the patient should be kept in bed several weeks or more, 
depending upon how quickly his symptoms abate. The use of glucose 
intravenously is of questionable value in relieving the headache or 



660 


AMERICAN HEART .JOURNAL 


modifying the other symptoms. The question whether repeated spinal 
punctures should he done invariably comes up for consideration. From 
the diagnostic standpoint, spinal puncture is indicated. Occasional ex- 
amination oi. the cerebrospinal fluid may be necessary to ascertain 
whether there is persistent bleeding; we have no evidence that spinal 
puncture is definitely harmful, or that repeated spinal drainage is of 
therapeutic value. In recent years neurosurgical procedures have been 
successfully utilized in the treatment of some of these patients. It is 
often difficult to locate the source of the bleeding, even when arteri- 
ographic examination is utilized. 

CONCLUSIONS 

The term "spontaneous subarachnoid hemorrhage” implies lack of 
knowledge concerning the cause of nontraumatic subarachnoid bleeding. 
In most of these cases, rupture of an aneurysm of the circle of Willis 
or its immediately adjacent branches is the source of the hemorrhage. 

This study is based on the observation of 64 patients. In this group, 
the presence of an aneurysm was verified by post-mortem examination in 
twelve instances. The etiologic factors commonly given are congenital 
weakness of vessel walls, arteriosclerosis, inflammation, and trauma. We 
feel that long-standing structural weakness of the vessel wall, plus the 
mechanical factors induced at bifurcations, offers the most logical ex- 
planation for the majority of these aneurysms. 

This is fundamentally a disorder of middle adult life, although bleed- 
ing may occur at any age. The most consistent symptom is sudden on- 
set of pain in the head. The symptoms and signs of meningeal irrita- 
tion make their appearance soon afterward. The presence of blood in 
the spinal fluid is a valuable aid in diagnosis. 

Case reports are included to show variations in the clinical manifesta- 
tions. Of the 64. patients examined, IS died in the hospital, 22 were dis- 
charged well, and 24 were improved, but were left with sequelao^such as 
hemiplegia, ocular palsy, aphasia, and visual field disturbances. 

The prognosis must be guarded in-every case. Recurrences often take 
place. The mortality is higher in older people and in patients who have 
arterial hypertension. 

The treatment is principally symptomatic. Rest in bed and sedatives 
are necessary during the acute phase. Avoidance of undue excitement 
is indicated. Repeated lumbar punctures are of doubtful efficacy. Some 
of the patients with, large, localizable aneurysms can be improved oi 
cured by surgical means. 
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ELECTROCARDIOGRAPHIC CONSIDERATIONS IN 
SMALL ANIMAL INVESTIGATIONS 

Maurice B. Rappaport, E.E., Cambridge, Mass., and 
Irving Rappaport, Pn.D., e New York, N. Y. 

INTRODUCTION 

r | ’HERE have been several investigations in which the electrocardio- 
A graph lias been used to study cardiac changes in small animals 
subjected to abnormal dietary conditions. Agduhr and Stenstrom 1 
attempted to relate the electrocardiographic pattern to pathologic 
changes which resulted from feeding cod-liver oil to mice. Weiss, 
Haynes, and Zoll 2 studied the cardiac rate, electrocardiographic com- 
plexes, and the response of rats to drugs in repeatedly induced states 
of vitamin Bj deficiency. 

In one of our investigations, the electrocardiographic method was 
contemplated for' use in the study of cardiac changes in rats and mice 
infected with Trichin ella spiralis. We found, however, that the usual 
electrocardiographic apparatus was not adequate because of the ex- 
ceedingly rapid heart rates of mice and rats. This report is, therefore, 
preliminary to further investigation in which electrocardiographic 
principles may be applied in small animal experimentation, such as 
experimental trichinosis, Chagas’s disease, sarcosporidiosis, bacterial 
myocarditis, and vitamin B : deficiency. 

PRELIMINARY OBSERVATIONS 

Electrocardiograms were taken on white mice with a commercial 
amplifier type of electrocardiograph. t Typical mouse electrocardio- 
grams obtained with this apparatus are shown in Fig. 1. Measure- 
ments of the electrocardiograms showed that the time of rise of the 
R waves was less than the galvanometric speed. From an electrical 
standpoint it is well known that any galvanometer which possesses an 
inherent speed which is less than the electrical impulse that is being 
graphically recorded must introduce distortion. The electrocardio- 
graphic tests were repeated with Einthoven string galvanometer elec- 
trocardiographs, and the same form of distortion was noted (Fig. 2). 
Similar distortion was also noticeable in the records taken by the 
authors mentioned in the introduction to this article. 

To prove the assumption that distortion is jireseht and that it is a 
function of galvanometric speed, an electronic electrocardiograph was 
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constructed, in which the galvanomctric speed was adjustable, and a 
series of electrocardiograms was taken on each mouse at progressively 
increasing speeds. A few series of such tests immediatclj siovcc la 
the electrocardiographic pattern of each mouse underwent a gradua 
change as the galvanomctric speed was progressively increased, fur- 
thermore, the electrocardiographic configuration at high string spccc 
was entirely different from that at usual electrocardiographic string 
speeds (Fig. 3). The electrocardiograms of Fig. 3 were tal(en on the 
same mice as those of Fig. 2. 



Fir. 1 . — Typical appearance of four white mouse electrocardiograms obtained -with 
a commercial amplifier-type electrocardiograph. The film speed is 50 mm. per second. 
The fine time lines are spaced 0.02 second and heavy time lines are spaced 0.10 
second. The galvanomctric speed is 0.01 second. The sensitivity is 2 cm. per millivolt. 

ELECTROCARDIOGRAPH IC CONSIDERATIONS 

The Theoretically Perfect Galvanometer . — When an electrocardiograph 
is standardized and the standardization is registered, a graph such as 
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that in Fig. 4, A should be recorded if the galvanometer is theoretically 
perfect. AB represents the isoelectric line. At point B, the millivolt 
standardizing potential is applied, and the galvanometer deflects one 
centimeter in zero time to point C. For the duration of the millivolt 
application, the galvanometer beam remains one centimeter above the 
isoelectric line. When the millivolt is removed at point D, the galvano- 
meter beam drops to its original isoelectric level (EF) in zero time. 



Fir- 9. Tvnical appearance of four other white mouse elecU'ocaiTliograms obtained 

with an Einthoven string- galvanometer electrocardiograph The ™ v P time lines are 
per second, the fine time lines are spaced 0.04 second, and the - 
spaced 0.20 second. The string speed is approximated 0.01 second. 


A galvanometer which produces a standardization curve such as that 
in Fig. 4, A, with angles ABC, BCD, CDE, and DEF perfect right 
angles, is capable of registering high speed (short duration) and low 
speed (long duration) electrical phenomena with no discrimination. 
The instantaneous response of the galvanometer (in zero time) to the 
standardizing potential indicates that the galvanometer is capable of 
following the fastest waves without introducing distortion. Since the 
beam remains parallel to the isoelectric line while the millivolt is 
applied, extremely slow electrical phenomena may likewise be legis- 
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tcred without distortion. All intermediate electrical waves must, ac- 
cordingly, he accurately recorded. 

The Einihovcn Siring Electrocardiograph .— An Einihovcn string gal- 
vanometer electrocardiograph does not reproduce the thooreticalh 
perfect standardization curve under normal operating conditions. Any 
moving mass (such as a string) requires a definite amount of lime to 
travel the distance BC or DE (Fig. 4, A). An Einihovcn string elec- 
trocardiograph under normal operating conditions registers a stand- 
ardization curve similar to Fig. 4. B. Angles ABC. BCD. ( DE, and 
DBF are not right angles because the galvanometer beam consumes 
time { in traversing the distance BC or DE. 




fli&Vrtur l 
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Fip. 3. — Electrocardiograms which Illustrate liow the white mouse electrocardio- 
praphlc conOpuration Is altered at lilph palvnnometrlc speed as compared to the usual 
electrocardiographic string speeds. The records of Fly. 3 were taken on the same 
mice as those of Fip. 2. The hiph and low speed records on each mouse were taken 
within a few minutes of each other. The string: speed Is approximately 0.0013 second. 


In an Einthovcn galvanometer, the string tension is adjustable. The 
more taut the string, the higher is the natural vibratory period. A 
string of higher natural period consumes less time in traversing the 
distance BC or DE (Fig. 4, B) than at a lower natural period. Thus, 
as the string is drawn taut, the standardization curve approaches more 
closely the theoretically perfect curve of Fig. 4, A. 
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When the string tension is increased, the sensitivity is decreased; 
all Einthoven string electrocardiographs employ this principle for 
sensitivity control. Also, as the string tension is increased, the speed 
of the string is increased. Therefore, when an electrocardiograph is 
standardized so that a one centimeter deflection occurs when a milli- 
volt is applied to the patient-galvanometer circuit, the tension of the 
string is thereby automatically selected. The constants of the gal- 
vanometer plus the resistance of the subject predetermine the speed 
of the string for a fixed value of sensitivity. An average commercial 
Einthoven string electrocardiograph, to which a subject with a “pa- 
tient resistance” of about 2,000 ohms is connected, possesses a string 
speed of approximately 0.01 second. That is, the time t of Fig. 4, B 
is equal to approximately 0.01 second. 


c 



F 

CD CD 



Fig. >i. — Einthoven string- g-alvanometer standardization pulses. 


The speed of an Einthoven string is directly dependent upon the 
resistance of the subject connected to it. When the subject resistance 
is more than 2,000 ohms, the string requires a time interval greater 
than 0.01 second to traverse the distance BC (Fig. 4, B). In man, a 
“patient resistance” of 2,000 ohms is a reasonable average value. 
Seldom does it fall below about 1,000 ohms, and, in some persons, a 
“patient resistance” of several thousand ohms is not uncommon. In 
small animals, the resistance is usually well in excess of 2,000 ohms 
unless extreme care is taken to keep the resistance low. 

A factor of utmost importance is the degree of damping to which 
the string- is subjected. In Fig. 4, A or Fig. 4, B, when the millivolt 
was applied at point B, the string traveled the one centimeter distance 
BC and came to a stop at C. All strings possess a definite mass, and, 
when set in motion, tend to remain so even after the activating stim- 
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ulus is removed. Unless something - intervenes to prevent the stiing 
from overshooting its point of destination, a standardization curve such 
as that in Fig. 4, C is registered. 

In commercial string electrocardiographs which employ a circuit 
resistance of a few thousand ohms (resistance of string plus “patient 
resistance”), overshooting at normal string 1 ension is prevented by 
air friction, and, to a slight degree, by electromagnetic damping. 3 r lhe 
effectiveness of electromagnetic damping as compared to air friction 
damping is so small that the former may be omitted in this discussion. 
The Einthoven galvanometer for electrocardiographic application must 
be so designed that at normal sensitivity (1 centimeter deflection per 
millivolt), with a “patient resistance” of approximately 2,000 ohms, 
the adjustment of the string is such that no overshooting takes place, 
and the string speed is approximately 0.01 second, or faster. This con- 
dition of damping must be fulfilled over a considerable range of string 
tension (above and below the optimum resonance value) for minimal 
distortion. 

When a subject with a “patient resistance” considerably higher 
than 2,000 ohms is connected to the electrocardiograph, the string must 
be slackened to obtain the standard sensitivity of one centimeter 
deflection per millivolt. As a result, the speed of the string is de- 
creased but the air friction is unaltered. The amount of air friction 
required to bring a loose string to a stop is less than for a taut string; 
this may result in an overdamped standardization curve (Fig. 4, D). 

Electrocardiograms obtained with apparatus which produces stand- 
ardization curves which are underdamped or overdamped are very 
likely distorted. Overshooting or underdamping tends to distort the 
electrocardiogram by increasing the amplitude of the fast initial de- 
flections. Overdamping tends to decrease the amplitude of the fast 
deflections and slurs the faster electrocardiographic waves. 

A standardization curve of any Einthoven string electrocardiograph 
indicates whether the apparatus is capable of registering an electro- 
cardiogram accurately if : 

1. The damping is critical; more than slight overdamping or 
underdamping is not permissible. 

2. The string speed is not slower than 0.02 second (after Lewis 
and Gilder 4 for human electrocardiographic applications) . 

3. During the application of the standardization pulse of one milli- 
volt, the string shadow deflects and remains deflected one centi- 
meter. 

Another source of distortion when the Einthoven string electro- 
cardiograph is used is polarization effects 5 if improper electrode tech- 
nique is employed. The distortion caused by polarization appears in 
a form similar to that of the underdamped string or overshooting. 
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The Electronic Booster . — The galvanometric speed of an Einthoven 
string electrocardiograph is limited. Slight improvements may be 
made by increasing the optical magnification and the magnetic field 
strength and by modifying a few other galvanometric factors. The 
loss of photographic definition and the disproportionate increase in the 
size of the magnetic structure which inevitably result from such pro- 
cedure is definitely not compensated for by the slight gain in string 
speed. 

'When a galvanometric speed much faster than 0.01 second is desired 
for electrocardiographic work, the most economical and simplest pro- 
cedure is to employ an electronic booster, or amplifier, in conjunction 
with a high natural period galvanometer. The galvanometer may be in 
the form of an Einthoven galvanometer whose string is drawn very taut; 
a reduction in the string length also increases the natural period. To 
attain extremely high speeds, both procedures may be necessary. 


High natural period, “moving coil,” or “moving vane” galvanometers 
may be substituted for the Einthoven galvanometer if an electronic 
booster is employed; these galvanometers are commonly referred to as 


“mirror” or “rotating mirror” 


galvanometers. 3 


Most commercial am- 


plifier electrocardiographs are of the “rotating mirror” variety. For 


the ultimate in galvanometric speed, the cathode ray oscillograph, 3 which 


employs a moving beam of electrons, may be used. 


Two types of electronic amplifiers may be employed for electrocardio- 
graphic purposes, namely, the resistance-capacity coupled, and the direct 
coupled.® In a direct coupled amplifier, the electrical waves during the 
process of amplification pass through resistances and electronic tubes 
only. In the resistance-capacity coupled amplifier, the electrical waves 
pass through resistances, condensers, and electronic tubes. When a di- 
rect coupled, amplifier is used, the operating characteristics of the electro- 
cardiographic system are identical with that of the Einthoven system 
except that the galvanometric speed may be made much higher. The 
direct coupled amplifier may be considered as an adjunct to the optical 
system and the magnetic structure of the galvanometer, i.e., as an elec- 
tronic magnifier for obtaining greater sensitivity to compensate for the 
loss in sensitivity when the galvanometric speed is increased. 

A detailed technical discussion of direct coupled amplifiers which 
are suitable as electrocardiographic boosters is somewhat beyond the 
scope of this paper. It should, however, be mentioned that a direct 
coupled amplifier electrocardiograph is capable of producing a stand- 
ardization curve similar to that of Fig. 4, B. The time element t may 
be considerably reduced by using either a fast Einthoven string gal- 
vanometer or a high natural period “mirror” galvanometer. The effects 
of “patient resistance” are eliminated for reasons which will be dis- 
cussed later. Skin currents or potentials must be compensated for as is 
done in an Einthoven string electrocardiograph. 
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, A reason for not using the direct coupled booster for clectrocaidio- 
graphic work is its characteristic instability. Direct coupled amplifiers 
with sufficient sensitivity to respond to one millivolt impulses usually 
exhibit this property. The resistance-capacity coupled amplifier, on 
the other hand, is a stable and reliable device, but possesses certain in- 
herent characteristics which are somewhat different from that of the 
direct coupled amplifier and Eintlioven string electrocardiogi aph. 
These dissimilar characteristics, however, are not a detriment, but a 
decided electrocardiographic asset, if properly controlled. 



Pig. 5. — Resistance-capacity coupled amplifier standardization pulses. 

If an infinitely fast galvanometer could be constructed which consumed 
zero time in traversing one centimeter when a millivolt was applied, and 
if the galvanometer were driven by a resistance-capacity coupled ampli- 
fier, a standardization curve similar to that shown in Fig. 5, A would be 
registered. AB represents the isoelectric line. At point B the millivolt 
standardizing potential is applied and the galvanometer deflects one 
centimeter in zero time to point C. From point C, the standardization 
is unlike that of an Eintlioven string electrocardiograph in that the 
galvanometer beam does not remain one centimeter above the iso- 
electric line but tends to approach it at a logarithmic rate. That is, if 
the millivolt is applied for a considerable period, the galvanometer 
beam eventually drops to the level of the isoelectric line. 
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The logarithmic decrement is caused by the resistance-capacity 
coupled amplifier. In this type of amplifier, when the millivolt is ap- 
plied, the condensers in the circuit become charged and then discharge 
through the associated resistors. The rate of decay may be controlled 
by means of the resistors and condensers. The larger the resistors and 
condensers, the slower is the rate of decay. 

When the millivolt is removed at point D, the galvanometer beam 
drops exactly one centimeter below point D to point E, which is some- 
what below the isoelectric line. The distance point E falls below the 
isoelectric line depends upon the time of application of the millivolt, 
as is obvious from the figure. From point E, the beam gradually drifts 
back to the level of the isoelectric line. Line EF is also logarithmic 
and similar to line CD. 

Sehwartzchild and Kissin 7 ascertained the relationship of decay rate 
to electrocardiographic accuracy. They found that if a tangent CG 
is drawn (Fig. 5, B) to the logarithmic decrement CD at point C, and 
if the duration of BG is two seconds or more, the apparatus is suitable 
for clinical purposes. Theoretically, the greater the duration of BG, 
the more accurate is the electrocardiograph in the registration of low 
frequency or slow cardiac changes. 

Miller, 8 by a modification of the electronic circuit, succeeded in pro- 
ducing a standardization curve which resembles that of Fig. 5, C. 
After the initial millivolt deflection, the beam is parallel to the isoelectric 
line for approximately 0.1 to 0.2 second (represented by CD), and then 
commences to decay logarithmically to point E, where the millivolt is 
removed. The beam immediately deflects one centimeter (represented 
by EF). Point F falls below the isoelectric level a distance equal to 
the logarithmic decay that has taken place (represented by DE). FG 
is a continuation of the logarithmic curve DE, but displaced one centi- 
meter. At point G the beam commences to return to the isoelectric 
level. If the millivolt were removed before point D was reached, no 
logarithmic decay would have taken place. In such a case, the beam 
would drop exactly to the isoelectric line. 

The purpose of the Miller circuit is to reproduce the Einthoven 
string electrocardiograph type of standardization and retain the ad- 
vantages of the resistance-capacity coupled amplifier. For a period of 
about 0.1 to 0.2 second after' the millivolt is applied, conditions are 
exactly similar to that of the Einthoven string electrocardiograph for 
the registration of slow phenomena. There is no known electrocardio- 
graphic wave which has a constant potential duration in excess of 0.1 
second. Therefore, any slow electrocardiographic wave must register 
accurately when the standardization possesses a flat top for a period 
of 0.1 second or more. 

As in the Einthoven string electrocardiograph, the moving element 
of the galvanometer requires a definite amount of time to traverse the 
one centimeter when a millivolt is applied. Therefore, the actual 
standardization should appear as in Fig. 5, D , where the deflection time 
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through the string:; a decrease in cardiac current flow through the 
string- 5 ji turn produces a proportionate decrease in string deflection. 
I hus. with a 2,000 ohm string and a possible difference of several 
hundred ohms between leads, the percentage change in electrocardio- 
graphic sensitivity may be considerable. For example, if the “patient 
resistance” is 2,000 ohms, the string resistance is 2,000 ohms, and the 
instantaneous cardiac action potential is one millivolt, the instantane- 
ous current through the string, according to Ohm's law, is 

0.001 . 

2,000 + 2,000 “ ° '‘"croampoic. 

Should the "patient resistance” in another lead be 4.000 ohms, the 
instantaneous current in the string would be 

0.001 . 

4 00 0 r ~ 2 000 “ °‘ 1(> nncroa »ip ere - 

PATIENT PE5/6TANCE 



STRING 


I’ifT. C. — Schematic of electrical components tn Illustrate tlic relationship of the 
lioart as a generator, and the consideration that must he riven the "patient 
resistance" and the "slrinp resistance." 


If tlie string was adjusted to deflect one centimeter per millivolt with 
the 2,000 ohm lead, as is normally done in electrocardiography, the 
.substitution of a 4,000 ohm lend would produce a deflection of 0.0-1 
centimeter instead of the required one centimeter. To compensate for 
the loss in sensitivity in the latter lead, the string must he made more 
slack. 

In nu amplifier electrocardiograph (divert coupled or resist anee* 
capacity coupled), the patient is connected across a resistance in the 
grid circuit of the amplifier (Fig. 7). The grid resistor may possess 
a value of several million ohms. If we apply Ohm’s law to the result- 
ing patient circuit, we fmd that, with a 2,000-ohm patient, n JO million 
ohm grid resistor, and an instantaneous cardiac action potential ot one 
millivolt, the instantaneous current which flows through the grid re- 
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whereas, with a 4.000 ohm pa* 




0.001 

Yonooduo 


srapere. 


t; 



RAPPAPORT AND RAPPAPORT : ELECTROCARDIOGRAPHIC STUDIES 673 

amount of eurrent that flows through the grid resistor controls the 
deflection of the electrocardiographic beam for a fixed setting of the 
sensitivity control. Therefore, a difference of several thousand ohms 
in “patient resistance” can merely alter the current through the giid 
resistor by an insignificant percentage for equal values of instanta- 
neous cardiac potential. Therein lies the reason why an amplifiei type 
electrocardiograph with a high input resistance may be standardized 
initially and any combination of leads registered thereafter without 
readjusting the sensitivity. 


I 

I 



Fig. 7. — Schematic of the input circuit of nn amplifier electrocardiograph. 


In an electronic electrocardiograph, the speed of the galvanometer 
may be permanently set. Unlike the Einthoven electrocardiograph, in 
which the sensitivity is controlled by adjusting the string tension, and, 
in turn, the string speed, the sensitivity of the electronic electrocar- 
diograph is adjusted by means of a control in the amplifier which ad- 
justs the degree of amplification, and, in turn, only the electrocardio- 
graphic sensitivity. As a result, the characteristics of the galvanometer 
in the electronic electrocardiograph are unaltered under all possible 
sensitivity settings. 

The Experimental Apparatus. — Fig. 8 shows the electrical circuit of 
the resistance-capacity coupled amplifier which was used in conjunc- 
tion with an Einthoven string electrocardiograph. By varying the 
string tension, the galvanometric speed was adjustable between the 
limits of less than 0.01 second and approximately 0.0015 second. 

A description of the booster follows : A standard three limb pa- 
tient cable such as is used on all electrocardiographs connects with 
a lead selector switch with four positions: Standardize, and Leads I, 
II, and III. The lead selector switch is followed by a three stage 
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Fig. 8. — Wiring diagram of an electronic booster which may be used with an Einthoven string electrocardiograph for small animal work. 
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resistance-capacity coupled amplifier. The first and second stages aie 
triodes contained in the type '19 tube; the third stage is a- 1S5 tube 
wired as a triode. Between the third stage and the Einthoven string 
electrocardiograph is an equalizing circuit to critically damp the 
string. That is, when a string is drawn more taut than the customaiy 
electrocardiographic tension, air friction damping is inadequate to 
prevent the string from- overshooting. As a result, an equalizing cir- 
cuit must be added. The Miller corrective network for producing a 
flat top standardization is located in the plate circuit of the second 
stage. The standardization circuit for producing a millivolt pulse is 
located at the input of the amplifier, i.e., between the lead selector 
switch and the grid circuit of the first stage. 

When constructing the resistance-capacity coupled booster, the fol- 
lowing should be kept in mind: 

1. In the Miller corrective network, the 0.45 megohm resistor may 
have to be varied slightly in order to obtain the flat top standardiza- 
tion curve. Once this adjustment is made, it docs not have to be 
altered during the life of the apparatus. 

2. If string speeds well in excess of 0.0015 second are desired, the 
equalizing circuit shown in Fig. 8 may be inadequate; in such a case, 
a resonant shunt damping circuit 3 must be substituted. 

3. In the standardization circuit, an ordinary 1.5 volt dry cell may 
be used. Because the drain is negligible, and lasts only for very short 
periods, while the millivolt switch is depressed, the cell will maintain 
its voltage within electrocardiographic measuring accuracy for at least 
six months of its shelf life. The voltmeter indicates whether the vol- 
tage of the cell is within required limits. 

4. The entire amplifier, plus batteries, must be built into a metal 
case to eliminate the possible pickup of stray alternating current dis- 
turbances. The metal case must be electrically connected to the magnet 
structure or ground circuit of the Einthoven string electrocardiograph. 

5. It is advisable to support the amplifier unit on soft rubber pads 
in order to eliminate mechanical disturbances. 

6. String centering and protection are accomplished by means of the 
usual controls in the Einthoven electrocardiograph. 

Technique . — The unanesthetized mouse is tied in a supine position 
to a board (Fig. 9). The same procedure is also applicable to the 
larger laboratory animals. The four paws are first tied to the nails 
on the wood block. Electrode jelly is then applied to the right and 
left fore paws and the left hind paw. The electrode consists merely 
of a fine copper wire twisted around the paws (approximately four 
turns) over the areas to which the electrode jelly had been applied. 
(In some instances, pin electrodes were used instead of the jelly and 
wire.) Hie patient cable of the amplifier is then connected to the 
spring clips so that the “right arm” corresponds to the right fore 
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paw, the “left arm” to the left fore paw, and “left leg” to the left 
hind paw. 

Subject resistance does not affect the accuracy of the electrocardio- 
gram when an amplifier type electrocardiograph is used. However, 
the higher the subject resistance, the greater is the likelihood of pick- 
ing up alternating current disturbances of an electrostatic nature. 



Therefore, in locations where alternating current wiring and apparatus 
are present, more care should be taken to keep the subject resistance 
low. 

Recordings of the three standard leads were taken both with and 
without the amplifier. The interval between the two sets of recordings 
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was very short, i.e., merely the time required to make the necessary 
adjustments. The animal during this interval was not disturbed. 

We found that it is generally desirable to allow the animal to re- 
main in position and undisturbed for several minutes after all adjust- 
ments are made to it before registering the electrocardiogram. As a 
general rule, the animal will quiet down sufficiently to allow the taking 
of satisfactory electrocardiograms. After mice have been subjected 
to this treatment several times, they become less excitable and more 
cooperative. 

Electrocardiographic Observations . — Seldom are white mouse electro- 
cardiograms completely free of somatic tremor when taken with an 
electrocardiograph which possesses a high galvanomctric speed, al- 
though the mouse may have appeared relaxed ; at usual galvanomctric 
speeds, the electrocardiograms are usually free of somatic tremor when 
the same technique is used. As the galvanomctric speed is gradually 
increased, the presence of somatic tremor in the electrocardiogram 
becomes more evident. This indicates that somatic tremor in a mouse 
is of a comparatively high frequency. As the galvanomctric sensitivity 
to the higher frequencies is increased, the somatic tremor components 
register with increased amplitude. The frequency of the major com- 
ponents of the tremor lies between approximately 200 and 1,000 cycles 
per second. 

When white mouse electrocardiograms are taken at the usual gal- 
vanometric speeds of approximately 0.01 second (Figs. 1 and 2), they 
show a distinct P wave. The QR interval is usually less than the 
galvanomctric speed. What appears to be the PS interval is, as a 
general rule notched; below the notch, the complex appears slurred. 
No T wave is seen. The electrocardiogram, os a whole, does not re- 
semble those from larger animals. 

On the other hand, when high galvanometric speeds of 0.0015 second 
or more are employed on the same mice (Fig. 3), the electrocardiogram 
does resemble that of a larger animal in many respects. AP wave is 
present. The QR. interval is of longer duration than the galvanometric 
speed. A distinct and normal appearing QRS complex is present. A 
distinct S wave is present in at least one of the three leads of each 
mouse. The T wave occurs rather soon after the S wave, and in most 
normal mice it appears in continuity with the S wave. 

The average commercial electrocardiograph is designed primarily 
for human application. In small animal work the electrocardiographic 
requirements are more exacting because of the high cardiac rates and 
short duration of some of the complexes. Thus, when an electrocardio- 
gram is taken with an average commercial electrocardiograph which 
possesses a galvanometric speed not much in excess of 0.01 second 
several forms of distortion may be introduced. 

The most obvious electrocardiographic distortion in the white mouse 
is in the general appearance of the QRS and T waves. As was previ- 
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ously mentioned, if tlie galvanometric speed is slower than the elec- 
trical phenomenon that is being graphically recorded, the ' electrical 
phenomenon will register inaccurately. The duration of the QR in- 
terval in the average normal mouse is considerably less than 0.01 
second. As a result, the graphic representation of the QR segment is 
incorrect in a slow system. Also, the cardiac action potential which 
stimulates the galvanometer terminates before the galvanometer has 
had a chance to traverse the required distance. The result is an am- 
' plitude attenuation of the QRS registration. 

Likewise, the RS segment is distorted if the galvanometric speed is 
too slow. That is, the electrocardiographic registration lags behind 
the action potential, and the action potential terminates before the 
recording beam or shadow has traversed the true distance. The T 
wave which follows immediately registers as a notch on the RS seg- 
ment, well above the isoelectric line. The slurring effect is actually 
part of the T wave. The S wave must obviously be absent. Also, be- 
cause the slopes of the fast waves are incorrectly registered, the dura- 
tion of a fast wave, such as R, must register incorrectly. 

Because of the fact that the electrocardiographic complexes do not 
register with the correct slope and amplitude when the galvanometric 
speed is too slow, phase distortion is introduced. That is, the time 
intervals between electrocardiographic complexes are reproduced in- 
correctly because the slow waves register correctly and the fast waves 
appear displaced from their true location. 

SUMMARY AND CONCLUSIONS 

1. A theoretically perfect galvanometer for electrocardiographic work 
produces a standardization wave which is a perfect rectangle. That 
is, zero time is consumed by the galvanometer in traversing the one 
centimeter deflection, and during the application of the millivolt the 
beam is parallel to the isoelectric line, but displaced one centimeter. 

2. An Einthoven string galvanometer electrocardiograph cannot re- 
produce the theoretically perfect standardization curve because any 
moving mass, such as a string, requires a definite amount of time to 
traverse the one centimeter distance when the millivolt is applied. The 
resultant standardization curve must therefore resemble a trapezoid. 

3. In an Einthoven galvanometer, the string tension is adjustable. 
The more taut the string, the higher is its natural vibratory period. 
A string of higher natural period consumes less time in traversing the 
one centimeter distance when the millivolt standardizing pulse is ap- 
plied than one with a lower natural period. 

4. When the string tension is increased, the sensitivitj r is decreased ; 
all Einthoven string electroeardiograplis employ this principle for sen- 
sitivity control. Also, as the string tension is increased, the speed of 
the string is increased. Therefore, when an electrocardiograph is 
standardized so that a one centimeter deflection occurs when a milli- 
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volt is applied, the tension of the string is automatically selected. The 
constants of the galvanometer plus the resistance of the subject pre- 
determine the speed of the string for a fixed value of sensitivity. 

5. A factor of utmost importance is the degree of damping to which 
the string is subjected. Overdamping or underdamping tends to dis- 
tort the electrocardiogram. 

6. The standardization curve of any Einthoven string electrocardio- 
graph indicates whether the apparatus is capable of registering an 
electrocardiogram accurately. 

7. Electrocardiographic distortion caused by polarization effects may 
occur if improper electrode technique is employed. 

8. The galvanometric speed of an Einthoven string electrocardio- 
graph is limited. When a galvanometric speed much faster than about 
0.01 second is desired for electrocardiographic work, the most econom- 
ical and simplest procedure is to employ an electronic booster or am- 
plifier in conjunction with a high natural period galvanometer. 

9. Two types of electronic amplifiers may be employed for electro- 
cardiographic pui-poses, namely, the resistance-capacity coupled and 
the direct coupled. The resistance-capacity coupled amplifier is the 
better of the two. 

10. The theoretically perfect standardization curve of a rcsistance- 
capacit 3 r coupled amplifier type electrocardiograph is not exactly sim- 
ilar to that of the theoretically perfect Einthoven electrocardiograph. 
For approximately the first 0.1 to 0.2 second after the millivolt is 
applied, conditions are exactly similar to the Einthoven system, but, 
thereafter, a logarithmic decrement sets in until the beam reaches the 
isoelectric line. 

11. Although the theoretically perfect condition, under which the 
beam will deflect one centimeter in zero time when a millivolt is ap- 
plied, cannot be achieved even with an amplifier type electrocardio- 
graph, this perfect condition may be approached more closely. 

12. As the galvanometric speed is increased, the amplifier must be 
made more powerful and, in turn, more costly. From an economic 
standpoint, it is not preferable to employ galvanometric speeds in ex- 
cess of electrocardiographic requirements. 

13. A galvanometric speed of approximately 0.0015 second is ample 
for registering the fastest electrocardiographic complexes that may be 
found in a mammal as small as the white mouse, whose average normal 
heart rate is approximately 750 beats per minute. 

14. A resistance-capacity coupled amplifier type electrocardiograph 
is capable of automatically compensating the subject's skin potentials. 
An Einthoven string electrocardiograph requires a manually operated 
compensation control. The logarithmic decay characteristic which is 
common to all resistance-capacity coupled amplifier electrocardiographs 
accomplishes the automatic skin potential compensation. 
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15. When an electrocardiogram is taken with an Einthoven string 
electrocardiograph, the machine mnst be recalibrated lor each lead; 
the amplifier coupled electrocardiograph does not require recalibration 
with each lead. 

16. In an electronic electrocardiograph the speed of the galvanom- 
eter may be permanently set. Unlike the Einthoven electrocardiograph, 
in which the sensitivity is controlled by adjusting the string tension 
and, in turn, the string speed, the sensitivity of the electronic electro- 
cardiograph is adjusted by means of a control in the amplifier which 
adjusts the degree of amplification and, in turn, only the electrocardio- 
graphic sensitivity. 

17. The constructional features of a resistance-capacity coupled am- 
plifier that may be used with a commercial Einthoven string electro- 
cardiograph for small animal work are given. 

18. The technique for small animal electrocardiography is described. 

19. The theoretical aspects of distortion in small animal electrocar- 
diography are discussed. Experimental proof is given that average 
commercial electrocardiographs (both Einthoven string and amplifier 
types) are incapable of registering the cardiac action potentials of 
small animals with any degree of accuracy. Commercial electrocar- 
diographs are designed primarily for human application, where the 
requirements are not so severe. 

20. The accurate recording of electrocardiographic complexes, as 
described herein, makes possible further investigations in which electro- 
cardiographic principles may be applied in small animal experimentation. 


We wish to express our appreciation for the cooperation of the Sanborn Company, 
of Cambridge, Massachusetts, in this investigation. We are also grateful for the 
constructive criticisms of Dr. Paul D. White, of the Massachusetts General Hospital. 
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THE PROGNOSTIC SIGNIFICANCE OF AGE AT ONSET IN 
INITIAL ATTACKS OF RHEUMATIC FEVER 

Elvira M. DeLiee, M.D., Katharine G. Dodge, M.D., and 
Currier McEwen, M.D. 

New York, N. Y. 


A LTHOUGH there is difference of opinion regarding the seriousness 
, of the prognosis in rheumatic fever at different ages within child- 
hood, 1 ' 4 it is generally accepted that the disease is more serious and 
more likely to lead to cardiac damage in children than in adults. This 
conclusion has had support from a number of investigations, most of 
which have been based on long-term observations on groups of patients 
over a number of years. Obviously, however, estimation of the signifi- 
cance of age at onset in these long-term studies is complicated by the 
important fact that repeated attacks have occurred in many of the 
patients but not in others. This difficulty can be obviated by limiting 
one’s analysis to the results of initial attacks only, and this has been 
done by several observers. Church, 5 in a study of 244 first attacks, 
found that 75 per cent of the patients under 10 years of age developed 
signs of cardiac damage, but that this figure diminished progressively 
to 12.5 per cent in those who developed first attacks after 40 years of 
age. Maekie 6 found cardiac involvement in 74 per cent of 112 patients 
under 15 years of age, and in 38.3 per cent of 107 patients over 25 
years of age. Similar differences between children and adults with 
initial attacks of rheumatic fever were reported from Australia by 
Sangster, 7 who found persisting evidence of cardiac damage at the time 
of discharge from the hospital in 40 per cent of children under 12 
years of age and in 25 per cent of patients over that age. Reports 
limited to children have been made by Sutton and Dodge 8 and Ash. 9 
The former studied 66 children in their first attacks of rheumatic poly- 
arthritis, and noted carditis in 40.9 per cent and persisting evidence .of 
heart disease at the time of discharge from the hospital in 27.3 per cent. 
In Ash’s group of 297 children with polyarthritis, 60 per cent were 
considered to have organic valvular disease at the termination of the 
initial attack. 


In studying the incidence of cardiac damage in rheumatic fever one is 
interested in knowing, first, whether the heart is involved during the 
attack, and, second, whether the damage resulting from that involve- 
ment is sufficient to cause clinically recognizable, persistent, organic 
heart disease. In none of the reports mentioned above were both of 
these analyzed for both children and adults, and this study was under- 
taken for that purpose. 

All patients studied were from the Third (New York University) 
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Medical Division and the Children’s Medical Service* of Bellevue Hos- 
pital. The cases reviewed from the adult service covered the period 
1920 to 1937, and those from the children’s service, the period 1930 to 
1937. The children were 12 years old or less, and the adults over 25 
years; the interval from 12 to 25 years was omitted in order to insure a 
distinct separation of the two groups. Originally, we had intended to 
include all types of rheumatic manifestations in the analysis, but chorea 
and carditis without joint involvement were so infrequently encountered 
during first attacks in the adults that polyarthritis was the only mani- 
festation which could be used for comparison of the two age groups. 

Cardiac damage was divided into the two categories previously men- 
tioned: (1) carditis during the attack of rheumatic fever, and (2) the 
development of pathologic changes in the heart sufficient to lead to signs 
of persisting organic heart disease at the termination of the rheumatic 
activity. The criteria for making a diagnosis of carditis were the ap- 
pearance while under observation of one or several of the following in 
a patient with rheumatic fever: (1) Diastolic murmurs with or without 
cardiac enlargement, or systolic murmurs with enlargement, (2) signifi- 
cant electrocardiographic changes, t (3) gallop, f (4) precordial pain 
and tenderness, (5) significant arrhythmias, (6) disproportionate tachy- 
cardia,!: and (7) pericardia] friction rub or effusion. The criteria for 
persisting organic heart disease were the presence of diastolic murmurs 
or of systolic murmurs plus cardiac enlargement at the time of discharge 
from the hospital, after all evidence of active carditis and all other 
manifestations of active rheumatic fever had disappeared. To insure 
accuracy of interpretation, all patients with an unreliable or uncertain 
previous history or with indications of possible cardiac involvement prior 
to admission were excluded. Because of the strictness of the require- 
ments, it is probable that some cases of mild rheumatic fever with low- 
grade carditis which could not be diagnosed with certainty were ex- 
cluded. However, by employing uniform criteria for the inclusion of 
adults and children we believe that accurate comparisons have been 
attained. results 

The results of this comparison are shotvn in Table I. Of 67 adults 
with an initial attack of frank polyarthritis, 30 per cent developed cardi- 


Table I 

Cardiac Damage in Children and Adults With Initial Attacks of Rheumatic 

Polyarthritis 


AGE 

NUMBER OF 
PATIENTS 

INCIDENCE OF 
CARDITIS 

INCIDENCE OF 
PERSISTING CARDIAC 
DAMAGE 

NUMBER | PERCENT 

NUMBER | PER CENT 

Under 12 3 r ears 7S 36 46 ^2 2b 

Over 25 years 67 20 30 o 7 


*Many of tlie children had been included in the report of Sutton and Dodge. 8 
tin addition to the frank arrhythmias, the changes accepted ■ as significant were 
prolongation of the P-R interval and the changes associated with pericarditis. 

{These were accepted as indicative of carditis only when accompanied by other 
signs. 
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eluded, the mortality rose to 3.6 per cent. Among the 7S children with 
polyarthritis, one (1.3 per cent) died; whereas, among twelve who had 
subcutaneous nodules, three (25 per cent) died. This high mortality 
in the children with nodules is in agreement with the accepted view re- 
garding their serious prognostic significance, but in this connection it 
must be noted that three of the surviving children with nodules left 
the hospital with no physical signs of cardiac damage, although they 
did have carditis during the height of the illness. Of course, severe 
carditis was present in all the fatal cases. These figures are in con- 
formity with the usual clinical opinion regarding fatality in initial at- 
tacks of rheumatic fever. 

Finally, it must be emphasized that the relatively low incidence of 
serious cardiac damage suffered by the adults of our series does not 
warrant a lessening of vigilance in the care of this age group. This 
is especially true in the case of adults whose hearts have already 
sustained damage in earlier attacks of rheumatic fever, for it is our 
belief that in these patients further cardiac damage almost invariably 
results. 

SUMMARY 

A clinical analysis was made of the incidence of cardiac damage dur- 
ing initial attacks of rheumatic fever. The data presented indicate 
that first attacks of rheumatic polyarthritis are less likely to be accom- 
panied by clinically evident carditis in adults than in children, and 
that when carditis does occur it is very much less likely to result in 
serious cardiac damage in the adults. 


REFERENCES 


1. Findlay, L.: The Rheumatic Infection in Childhood, London, 1931, Edward 

Arnold & Co. 

2. Wilson, M. G. : Rheumatic Fever— -Studies of the .Epidemiology, Manifestations, 

Diagnosis, and Treatment of the Disease During the First Three Decades, 
New York, 1940, Commonwealth Fund. 

3. Stroud, W. D., and Twaddle, P. H.: Fifteen Years’ Observation of Children 

With Rheumatic Heart Disease, J. A. M. A. 114: G29, 1940. . 

4. Bland, E. F., and Jones, T. D.: Fatal Rheumatic Fever, Arch. Int. Med. 61: 

161, 193S. 

5. Church, Sir W. S.: Rheumatic Fever. Allbutt and Rolleston; In System o± 

Medicine, vol. 2, part I, p. 594, London, I90S, Macmillan and Co., Ltd. 

6. Maclde, T. T.: Rheumatic Fever— an Analytical Study of Three Hundred and 

Ninety-Three Cases of Rheumatic Fever and Eighty-Nine Cases of Clioiea, 
Am. J. M. Sc. 172: 199, 1926. . T „ .. 

7. Sangster, C. B. : Report on the Epidemiology of Rheumatic Infection m boutn 

Australia, M. J. Australia 1: 461, 1940. 

8. Sutton, L. P., and Dodge, K. G.: The Relationship of Sydenham’s Chorea to 

Other Rheumatic Manifestations, Am. J. M. Sc. 195: 656, 193S. 

9. Ash, R..: The Evolution of Rheumatic Heart Disease in Childhood, Pennsylvania 

M. J. 44: 4S4, 1941. „ „ ^ , 

10. Ash, R. : Rheumatic Infection in Childhood : Influence of Type of Onset and 

Calendar Year of Onset, Am. Heart J. 22: 439, 1941. 

11. Jones, T. D., and Bland, E. E. : Clinical Significance of .Chorea as a Manifesta- 

tion of Rheumatic Fever, J. A. M. A. 105: 571, 1935. 

12. Roth, I. R,, Lingg, C., and Whittemorc, A.: Heart Disease m Children. A. 

Rheumatic Group. I. Certain Aspects of the Age. at Onset and of Recurrence 
in 4SS Cases of Juvenile Rheumatism Ushered in by Major Clinical Mani- 
festations, Am. Heart J. 13: 36, 1937. 



THIS TONHKE SHIN FnK HlHll YKN<H*R PUESSUUK 

Ano 1:1.0 M. May. M.P. 

Rax t'u.ir. 

T HE veins of tin.* undersurface of the tonuue are admirably situated 
for observation. In the average person they .are 8 inehes. or 200 
mm., above the ritrht auricle. so that when the person is erect, or sitting, 
the veins arc* collapsed unless the venous pressure is abnormally h’urh. 
i.e.. trreater than 8 inches, or 2U(t turn. Normal venous pressure is f>0 
to lbO nun., or 2 to f» inches, so that the level of the tonuite veins is just 
in tin.* region of elevated venous pressure. 
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Clinical Reports 


THE PH ON 0 CARD 10 GRAM IN SPONTANEOUS INTERSTITIAL 
EMPHYSEMA OF THE MEDIASTINUM 

Arthur M. Hoefman, M.D.,* Frederick W. Pobirs, M.D., 
and Reuben Meuliss, M.D.f 
Los Angeles, Calif. 

T HE sounds produced over the upper part of the precordium by 
spontaneous interstitial emphysema of the mediastinum and lung 
have intrigued the medical profession. Griffin 1 regards these "pop- 
ping” or "crunching” sounds as diagnostic of this condition, and 
reported three cases with this sole thought in mind. Hamman, 2 who 
was the first to describe the condition (.1937), also thought that these 
interesting physical signs are pathognomonic. The reports that fol- 
lowed Hamman ’s article 3 applied a variety of descriptive terms to the 
preeordial sounds; bubbling, crunching, popping, and crackling were 
those most frequently employed. The following case is reported be- 
cause of the interesting phonocardiograms which were taken shortly 
after the occurrence of spontaneous mediastinal emphysema. To our 
knowledge, it is the first phonocardiograin in this condition to be 
reported. 

report op a cask 


C. F., a 28-year-old white man, was admitted to Cedars of Lebanon 
Hospital Aug. 14, 1942, with a complaint of severe substernal pain of 
one and one-half hours’ duration. The patient was an employee of the 
hospital ambulance company, and his work entailed lifting three to 
five patients a day. He was in excellent health until approximately 
ninety minutes before admission to the hospital, at which time, about 
an hour after having lifted a patient, he developed moderate substernal 
distress which radiated into his left arm to the elbow. He left his 
ambulance and helped lift another patient, but on the way to the hos- 
pital the pain became so severe that he told his partner he was afraid 
he could not help remove the patient. In about fifteen minutes the 
pain had attained terrific proportions, so that he lay back in his seat, 
became pale, and refused to move. Deep respirations were especially 
painful. lie was seen shortly after arriving at the hospital. His blood 
pressure at that time was .130/90, his pulse rate, 90, and his respiratory 
rate, 30. Morphine sulfate in a dose of Vi grain was given in the 
ambula nce, and the man was removed to the ward. 

Received for publication Sept. 21, 1912. 
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Past History . — The patient had had inflammatory rheumatism at the 
a^e of 8 years. He was ill for one and one-half years at that time. 
His heart had been examined repeatedly thereafter, but no evidence 
of disease was reported. There was no history of tuberculosis or 
asthma. The family history was negative. 

Physical examination revealed a white man who was lying comfortably 
in bed, smiling, and even laughing, and in no apparent distress — forty- 
five minutes to an hour after receiving 14 grain of morphine sulfate. 
The blood pressure was 120/80, the pulse rate, 80, and the respiratory 
rate, 25 per minute. Physical examination was essentially negative 
except for the heart. There was resonance to 1 inch to the left of the 
sternum. Over the apex of the heart a remarkable sound was heard. 
It was a crunching, popping, knocking bruit, synchronous with the 
heart beat, and was heard best on deep expiration when the patient 
was lying on the left side. No subcutaneous emphysema developed. 
Expansion of the chest was limited, and the percussion note was not 
abnormal. 

The hemoglobin was 96 per cent, the erythrocyte count, 5,000,300, 
and the leucocyte count, 9,500. The sedimentation rate was 12 mm. in 
258 minutes. The blood Wasscrmann reaction was negative. The 
urine was normal. An electrocardiogram on August 14 showed an 
auricular and ventricular rate of 90, sinus rhythm, and normal A-V 
conduction time. Lead I showed low voltage of the ft wave; Lead II 
showed low voltage of the QRS complex and upright T and P waves ; 
Lead III showed low voltage of QRS, a small R wave, and an upright 
T wave ; and Lead TV showed a small R wave and an upright T wave. 
A roentgenogram of the chest, August 14, showed that the heart was 
of comparatively normal shape, size, and position. The arch and de- 
scending aorta were also of normal shape and size. The hila were 
somewhat increased in size and density. The root branches were ac- 
centuated. There was a partial pneumothorax at the left apex. An 
electrocardiogram which was made August 17 was identical with that 
of August 14. 

A phonocardiogram was taken on the day after admission and l is 
reproduced in Pigs. 1A, IB, and 2. The pain decreased gradually. 
The day after admission he no longer needed opiates, his temperatuie 
varied between 97 and 98.8° F., his pulse rate remained constant be- 
tween 70 and 80, and his respiratory rate was about 20. Inc pie- 
cordial bruit decreased in intensity, and, on August 18, four days at ei 
its onset, it could scarcely be heard. The patient was always com 01 - 
able, and his only complaint after cessation of the sudden, severe pam 
on admission was that of discomfort on deep inspiration. 

SUMMARY 

A case of spontaneous mediastinal emphysema is reported. Phono- 
cardiograms showed that the peculiar sounds produced by the ah in 
the mediastinum were synchronous with each cardiac impulse anc 
occurred regularly with each systolic contraction. 
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ANEURYSM OF THE PULMONARY ARTERY 

Report of a Case in Which the Aneurysm Apparently Developed 

Under Observation 

Alfred S. Hartwell, M.D., and Irvin L. Tilden, M.D. 
Honolulu, Hawaii 

A NEURYSM of the pulmonary artery is rare. According to Scott, 1 
both Ambroise Pare and Lancisi observed cases. Boyd and 
McGavack 2 reviewed the literature from 1833 to 1939, and discovered 
111 cases in which the diagnosis was proved by autopsy. Since their 
paper was published, ten articles on the subject have been listed in the 
Quarterly Cumulative Index Medicus. 3,, * J In the case which follows, 
probably the one hundred twenty-fourth to be reported, an aneurysm 
of the pulmonary artery apparently developed while the patient was 
under observation. 


CASE REPORT 

The patient, a 12-year-old Filipino girl, had been under observation 
at the Palama Settlement Medical Clinic since the age of 6 years be- 
cause of cardiac enlargement and a family history of tuberculosis. 
During this six-year period, various descriptions of her cardiac abnor- 
malities were recorded. In 1937 it was stated: “Heart enlarged out- 
side nipple line one inch. No edema. Harsh systolic murmur loudest 
in the pulmonary area.” A roentgenogram of the chest at that time 
was said to have shown cardiac enlargement and no evidence of tuber- 
culosis. In 1939 a systolic thrill was present in the second left inter- 
costal space. There were repeated statements regarding her poorly 
nourished appearance. Cyanosis and clubbed fingers were not observed 
at any time. 

On March 11, 1942, the patient came to the Palama Clinic complain- 
ing- of a painful right foot. There was no history of injury. A small 
reddish spot was present on the sole of her right foot. It was noted 
that there was no history of rheumatic fever and that a congenital 
cardiac lesion was to be considered. The record stated : ‘ ‘ The lesion 
on the foot may be embolic.” A roentgenogram of the chest showed 
cardiac enlargement (Fig. 1). She returned to the Clinic three weeks 
later, complaining of dyspnea after mild exertion. The foot lesion had 
disappeared. Her temperature was 98.8° F., and the physical signs 
were as noted above. She was again brought to the Clinic in May, after 
having been kept at home in bed for three weeks because of fever. Her 
temperature was 102.2° F., and her pulse rate was 116. Sulfathiazole 
was ordered in a dose of 3 6m. daily for six days, but her response to 
this therapy is unknown because she did not return to the Clinic as 
directed. 

The patient was first examined by one of us on July 3, 1942, after 

From the Palama Settlement Medical Department and the Ivauilteolani Children s 
Hospital. 
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she had coughed up a small amount of bright red blood. Examination 
revealed an emaciated, underdeveloped, dyspneic, 12-year-old gnl- 
There was no cyanosis or clubbing of the fingers. The slcm was pale, 
and coarse hyperkeratoses were present over the bade and chest. Ar- 
terial pulsations were prominent in the neck. Marked bronchial breath- 
ing was present at the left base posteriorly. The heart was enlarged 
to°the left. Gallop rhythm was present at the apex, and a loud sys- 
tolic murmur was noticed in the second left intercostal space, with a 
thrill in systole. No diastolic murmurs were found. The abdomen was 
moderately distended, and the spleen and other organs were not pal- 
pated. The extremities were thin and the reflexes were normal. 



F.g. 1— Roentgenogram taken March 11 , 1042. four months before death. 


Fluoroscopic examination of the chest showed marked prominence of 
the pulmonary conus area and vascular congestion. Otherwise, the 
lungs were normal. Both ventricles were greatly enlarged. Examina- 
tion with barium showed no esophageal displacement. 

Impression : Patency of the ductus arteriosus ; malnutrition • sub- 
acute bacterial endocarditis? ' 


She was referred to the Kauikeolani Children’s Hospital. 

frP U1 QQ S + til imo tl ri nt,S t i V6 i lve " day hospital stay her temperature varied 
n om 99 to 101 F., and her pulse rate was consistently around 110. 
Dyspnea persisted, and she coughed up small amounts of blood occa- 
sionally. Her erythrocytes numbered 2,750,000 per cu. nun., and her 
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hemoglobin (Dare) was 50 per cent. Her leucocytes numbered 13,200 
per cu. mm., and a differential count showed 92 per cent polymorpho- 
nuclear granular leucocytes and 7 per cent lymphocytes. Polyehroma- 
tophilia and marked anisocytosis were observed. The urine contained 
no sugar, 1 plus albumin, and 4 to 5 leucocytes and occasional erythro- 
cytes per liigli-power field. Three sputum examinations showed no 
acid-fast organisms. Two blood cultures were taken, and both were 
positive for Streptococcus viridans. She was given 7% grains of sulfa- 
thiazole every four hours, and the usual supportive measures were taken. 



Fig'. 2. — Roentgenogram taken July 13, 1912, two days before death. Note the changed 
appearance of the pulmonary conus area. 

A roentgenogram of the chest revealed cardiac enlargment and 
marked prominence in the pulmonary conus area .(Fig. 2). This was 
not present four months before (Fig. 1). On the tenth hospital day 
the patient complained of sharp pain in the right lower part of the 
chest, and coughed up small amounts of bright red blood. Two days 
later, upon awakening, she appeared to be quite weak and refused 
breakfast. A short time later she suddenly gasped for breath and died 
within a few minutes. 

NECROPSY (SIGNIFICANT ABNORMALITIES) 

The body was emaciated. Ho free fluid was present in the peritoneal 
cavity. The left pleural cavity was entirely obliterated by old ad- 
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Iiesions. The right lower pulmonary lobe was firmly attached to the 
chest wall by both old and recent adhesions. Both lung? were sub- 
crepitant to nonerepitant throughout, and were deep purple in. color. 
Both, upon sectioning, presented multiple infarcts of various sizes, sev- 
eral of which were broken down centrally. The intervening lung 
parenchyma was edematous and congested, although no areas of pneu- 
monic consolidation were observed. Several calcified nodes were 
present near the left liilum, the largest of which measured 1% cm. in 
diameter. 

The pericardial sac was filled with a large amount of blood clot and 
approximately 200 c.c. of serosanguineons fluid. An aneurysm about 
the size of a small lemon was found, arising from the anterior wall of 
the pulmonary artery just before its bifurcation. There was a recent 
linear tear, approximately 1 cm. in length, near the apex of the aneurys- 
mal sac. 



Fig. 3. — Arrow points to the patent ductus arteriosus. The aneurysm of the pul- 
monary artery is shown containing vegetations. 


The heart was greatly enlarged (345 grams). The wall of the left 
ventricle measured 2 to 2]/o em. in thickness, and the muscle was firm 
and pale in color. The mitral valve ring measured 9 cm., and a num- 
ber of small, discrete, friable vegetations were present several milli- 
meters above the free margin of the valve. There were similar vegeta- 
tions on the endocardium of the left auricle more than 1 cm above the 
free edge of the valve. The tricuspid, aortic, and pulmonary valves 
were normal m appearance. 

The aneurysmal sac measured 3*4 cm. in diameter and 2*4 cm at 
its base, which was located approximately 2 cm. above the pulmonary 
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valve ring-. Tlie aneurysmal wall was extremely thin, almost “ paper- 
thin” in certain areas, and at no point measured more than a few milli- 
meters in thickness. Numerous friable vegetations were attached to 
the base of the aneurysm and to the endocardial portion of its wall, and 
these extended for a short distance along the intima of the pulmonary 
artery. They were generally quite small ; the largest measured slightly 
less than 1 cm. in diameter. 

Opposite the opening of the aneurysmal sac there was a large, patent 
‘ductus arteriosus which communicated with the aorta just before the 
origin of the great vessels from the arch ,(Fig. 3). It measured 1 cm. in 
diameter and possessed a smooth intima with no gross evidence of bac- 
terial involvement. 

The liver was moderately enlarged, and, upon sectioning, presented 
distinct vascular markings, i. e., the typical appearance of chronic pas- 
sive congestion. 

The spleen was enlarged and presented several firm, well-organized 
infarcts, the largest of which measured about 2 cm. in diameter. 

The pancreas, adrenals, kidneys, pelvic organs, and gastrointestinal 
tract presented no gross abnormality. 



MICROSCOPIC STUDY 

Examination of sections taken through the wall of the aneurysmal 
sac revealed widespread diffuse and focal inflammatory involvement 
(Fig. 4 A and B). The wall varied in thickness from place to place; 
generally, it was quite thin. The intima, for the most part, was entire- 
ly replaced by irregular patches of fibrin. Fibroblastic proliferation 
was prominent, and an interesting feature was the presence of miliary 
abscesses about the smaller blood vessels. Diffuse lymphocytic and 
plasma cell infiltration was present in most portions of the wall, and a 
generous sprinkling of polymorphonuclear granular leucocytes was 
observed. The cells mentioned above were concentrated about blood 
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vessels, man v of which were newly formed., and consisted of a single 
layer of endothelium. Microscopic examination of the mitral valve 
showed moderate scarring, with hyalinization and loss of structure. 

Patches of fibrosis were observed in sections taken through the left 
ventricle, and the individual muscle fibers were greatly hypertrophied. 
Many of the vessels were surrounded by cuffs of lymphocytes and inono- 
nuclcar cells, but the histologic changes which are typically associated 
with rheumatic myocarditis were lacking. 

Sections taken through the lungs revealed the changes associated with 
pulmonary infarcts of varying size and age; several of these exhibited 
tissue breakdown, and were characterized by the presence of acute 
cellular exudate in their central portions. 

DISCUSSION 

There is a strong possibility that the aneurysm of the pulmonary ar- 
tery which ruptured and caused this patient’s death was a fairly recent 
development in her illness. The roentgenogram which was taken four 
months prior to her death showed enlargement of the heart, but no 
prominence in the area of the pulmonary conus. Tn addition to the 
patent ductus, there may have been a small aneurysm of the pulmonary 
artery which could not be seen in an anteroposterior chest roentgeno- 
gram, but of that we have no proof. The prominence in the conus 
area, however, was most striking in the fluoroscopic examination, as 
well as in the roentgenogram taken after she entered the hospital. 

About four months before death she began to have a fever, and 
suffered from a lesion which was most likely an embolism in the foot. 
Patients with uncomplicated patency of the ductus arteriosus commonly 
have an enlarged left ventricle, 4 and, when they develop a superimposed 
infection on the site of the ductus, emboli may lodge either in the lung 
or in the peripheral circulation. The mitral valve, as well as the patent 
ductus, was the seat of vegetation in this patient. The former area 
may haA r e given rise to the peripheral embolism. She also had numer- 
ous pulmonary infarcts which most probably came from the ductus 
vegetations. 

The possibility that such vegetations may extend to the pulmonary 
arterial Avail, and Aveaken it so that an aneurysm results, is mentioned 
by Scott. 1 Sections of the aneurysm Avail in our ease (Pig. 4) shoAved 
eA'idenee of bacterial infection. The probability that the infection 
caused the pulmonary arterial Avail to Aveaken, so that an aneurysm 
occurred, is thus given strong support. Boyd and McGavack, 2 in their 
revieAV of the literature and discussion of the 111 cases in which the 
diagnosis Avas confirmed at autopsy, state: 

“Congenital anomalies Avere present in 66 per cent of the cases and 
Avere deemed important etiologic factors in 43.2 per cent. Unequal 
division of the truncus arteriosus was evident in at least six, and open 
ductus arteriosus in twenty-four (23 per cent). Although pulmonary 
hypertension occurs in cases of patent ductus arteriosus and has been 
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regarded as causative of aneurysm, patency of this passage is not un- 
common without aneurysm. Accordingly, it seems reasonable to as- 
sume that some additional lesion, such as superimposed infection or 
atheromatosis, may contribute to the production of the aneurysm in 
this group.” 


SUMMARY 

Aneurysm of the pulmonary artery is rare. 

A case is presented in which the aneurysm apparently developed 
while the patient was under observation. 

There is evidence which strongly suggests that, in this case, the super- 
imposed bacterial infection played a prominent role in producing the 
aneurysm. 

We wish to express our thanks to Dr. J. Lam and Dr. W. B. Herter for per- 
mission to present the ease, and to The Queen’s Hospital Photographic Depart- 
ment for the photographs. 
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STAPHYLOCOCCUS AUREUS SEPTICEMIA, WITH OSTEO- 
MYELITIS, PNEUMONIA, AND ACUTE PURULENT 
PERICARDITIS 

Case Report 

Captain Robert R. Impink, Medical Corps, Captain Eric Denhoff, 
Medical Corps, and Major Joseph B. VanderVeer, Medical Corps 

T HIS case history concerns a 4-year-old patient who was treated in an 
Army Evacuation Hospital on a semitropieal island in the South 
Pacific area. The child was the victim of a fortuitous social condition, 
in that medical care on the part of local physicians was practically non- 
existent because of the exigencies of the war. She, along with other 
ailing natives, was therefore forced to appeal to the American Army 
Medical Corps. The child suffered from a hemolytic Staphylococcus 
aureus septicemia, with secondary osteomyelitis of the right femur, acute 
purulent pericarditis, pneumonia, and pleurisy with effusion. Her 
apparently complete recovery is attributed to the combined use of chemo- 
therapy and surgical treatment. 


case report 


A 4-year-old Indigene girl, desperately ill, was brought to an Army 
Evacuation Hospital, May 23, 1942. Three days before admission she 
had fallen, and thereafter complained of pain in the right thigh. This 
pain increased in severity and made walking impossible. General 
malaise, chills, and fever developed. An officer of a field Army Medical 
Unit saw the child and noted fullness and tenderness in the right thigh. 
Suspecting a fracture, he brought the patient to the hospital for treat- 
ment. 

The patient was the child of a white father, who was the son of an 
Australian settler, and a Melanesian mother. 

Physical examination on admission revealed an extremely ill, mal- 
nourished native child, crying vociferously and striking and biting the 
attendants whenever the right thigh was manipulated. Dehydration 
was moderate. The temperature was 105° F., the pulse rate was 150, 
and the respiratory rate was 65. The lungs and heart were normal. An 
oval area, 3 by 6 cm., tender to palpation, was present on the antero- 
lateral aspect of the right mid-thigh. No tenderness or swelling was 
noted in either the right hip or knee joint, although passive motion 
of both was restricted. '• 

Roentgenograms of the pelvis and the right leg showed no abnormali- 
ties of the bones or joints. The erythrocyte count was 3,400,000, and the 
leucocyte count, 12,900 ; there were 67 per cent polymorphonuclear leuco- 
cytes, 6 per cent of which were juvenile. The urine contained a trace of 
albumin and 6 to 8 erythrocytes per high-power field. 


From 52nd Evacuation Hospital, Colonel Ralph L. Cudlipp 
tenant Colonel Henry P. Brown, Jr., Chief of Surgical Service. 
Received for publication Dec. 7, 1942. 
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A diagnosis of acute hematogenous osteomyelitis of the right femur 
was made. 


COURSE 

Shortly after admission the child was given Ringer’s solution 
parenterally, a transfusion of 65 c.c. of whole blood, and proctodyses of 
2 per cent sodium bicarbonate solution. The right femur was im- 
mobilized in a plaster of Paris hip spica in order to eliminate pain and 
facilitate nursing care. The administration of sulfathiazole in a dose 
of 1 1/2 grains per pound of body weight per twenty-four hours was begun 
immediately. After twelve hours, sulfadiazine in the same dosage was 
substituted for the sulfathiazole. A blood culture which was taken 
shortly after admission was reported positive for ■ Staphylococcus aureus 
hemolyticus in less than twenty-four hours. Multiple small transfusions 
were administered throughout the first week, as indicated on the chart 
(Fig. 2). During this period there was considerable improvement in her 
general condition, but lethargy, toxemia, and fever persisted. 

On May 27, the fourth day after admission, the development of 
respiratory distress, a thready pulse of 176 per minute, a respiratory 
rate of 60 per minute, distended neck veins, and slight edema of the 
face and vulva suggested the presence of a complication. The cardiac 
dullness was found to be enlarged to percussion, the heart sounds were 
faint, and a pericardial friction rub was audible over the entire pre- 
cordium. The administration of oxygen through a catheter in the nose 
was begun. On the following day there were physical signs of an area 
of consolidation in the upper lobe of the left lung. Examination of the 
right thigh through a window in the cast revealed more definite local- 
ization of the tenderness to the mid-shaft area, but no fluctuation. An- 
other blood culture was positive. During the next few days there was 
slight improvement in the general condition, but edema of the face, ex- 
tremities, and vulva became marked. Twitching and shaking of the 
head were traced to acute, bilateral otitis media. It was necessary to 
resort to gavage. 

On May 31, eight days after admission, a roentgenogram of the chest 
showed considerable enlargement of the cardiac shadow (Fig. 1/1) . This 
was interpreted as probably due to cardiac dilatation, although peri- 
cardial effusion could not be ruled out. The pericardial friction rub 
persisted for several days, then gradually disappeared. A roentgeno- 
gram of the right femur showed periostitis of the mid-shaft area. Exam- 
ination of the thigh on this date revealed an area of deep fluctuation. 
This was incised through a lateral approach, under local anesthesia. One 
hundred cubic centimeters of thick yellow pus were obtained. The ab-. 
seess lay on the anterolateral aspect of the bone, and extended from 
the upper third of the shaft to a line just above the popliteal space. The 
bone had been denuded of periosteum in this area by the infectious 
process. After making a counterincision into the lower extremity of the 
cavity posteriorly, vaseline gauze packing was inserted and a plaster of 
Paris spica reapplied. On the following day the patient seemed much 
improved. Staphylococcus aureus hemolyticus Avas grown from a cul- 
ture of pus taken from the abscess, and a blood culture taken just prior 
to operation shoAved the same organism. Because of this, bacteriophage, 
previously obtained through the courtesy of Dr. Ward MacNeal of the 
New York Postgraduate Hospital, Avas administered intravenously in in- 
creasing doses, beginning at 1:30 p.m. on June 1. There Avas no reaction 
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to this therapy, which was continued for one week. The maintenance 
dose of sulfadiazine was also continued during this period. The first 
blood culture to be reported negative was obtained on June 1, just before 
the bacteriophage therapy was initiated. With the subsidence of the 
blood stream infection the temperature became normal and the pulse 
and respiration rates diminished markedly. However, continuance of 
the septicemia was suggested by the appearance of multiple petcchiac 
in the skin of the palms of the hands and beneath the nails of the fingers 
and toes. These lesions persisted for about one week. .On June 6 the 
vaseline gauze was removed and reapplied more loosely into the abscess 
cavity of the thigh. A moderate amount of pus was present, in the cavity 
as well as on the outer dressings. Because the edema had not regressed 
a plasma transfusion of 100 e.e. was given June 10. This was followed 
by diuresis. Sulfadiazine therapy was stopped on June 11 because the 
temperature was normal and an urticarial rash, which was suspected of 
being secondary to the drug, had developed. 

In addition to edema of the face, extremities, and vulva, abdominal dis- 
tention and hepatomegaly were noted on June 12. Examination of the 
heart revealed a marked increase in the area of cardiac dullness. The 
heart sounds were well heard with the patient in the semi recumbent, posi- 
tion. Pulsus paradoxus was never noted. On June 14, aspiration of the 
pericardial sac yielded 110 e.e. of thin, cloudy, yellow fluid. Smears 
showed many pus cells, but no organisms. A culture of Ibis material was 
negative. This tap and later ones were done in the fifth left intercostal 
space at approximately the anterior axillary line. The anasarca dimin- 
ished at once, but a gradual rise in temperature followed. There were 
signs of pneumonilis in Ihe left upper lobe. On June 17 the temperature 
reached 106° F., the pulse rate was 176, and the respiratory rate, 66 per 
minute. Sulfadiazine therapy was reinstituted. A roentgenogram of 
the chest, showed marked enlargement of the cardiac shadow as a result 
of pericardial fluid, and also free fluid in the pleural cavity (Fig. 17?). 
On June 20, a thoracentesis was done, and 250 e.e. of thin, cloudy, yellow 
fluid were obtained. Culture of this fluid was negative. This was fol- 
lowed by improvement, as shown on the chart (Fig. 2). Sulfadiazine 
administration was discontinued June 27. 

Because of recurrent generalized edema, a large tender liver, in- 
creasing cardiac dullness, and distant heart sounds the pericardial sac 
was aspirated a second time June 30, and 100 c.c. of cloudy fluid were 
obtained. Smears and culture of this fluid were negative. The child 
showed little change during the next ten days. A moderate degree of 
edema of the face and vulva and the large tender liver persisted. Two 
hundred twenty-five cubic centimeters of thin, cloudy, yellow fluid 
were removed July 12. Two days later a third pericardial tap yielded 
175 e.e. of thin, purulent fluid (Fig. 1C). Smears of both these fluids 
showed many pus cells, but no organisms. The cultures were negative. 
After this last pericardial tap there was a rapid reaccumulation of fluid. 
The signs of elevated venous pressure did not subside after this aspira- 
tion, as they had previously. Consequently, during the week of July 19 
three pericardial taps were performed, yielding 110 c.c., 50 c.c., and 
60 c.c. of fluid, respectively. The fluid became thicker on each occasion, 
and could not be withdrawn completely. Despite the thick pus, smears 
showed no bacteria and the cultures were sterile. Because of lack of im- 
provement in the general condition and the persistence of signs of 
cardiac failure, more adequate drainage of the pericardial space was 
essential. 
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Pig-. 1M. — May 31, 1942. The cardiac shadow is slightly enlarged. 

The exposures in Figs. 3A, J3, G, and D were made at a distance of seventy-two 
inches. 




Fig. IB . — June 17, 1942. Pericardial effusion, causing marked enlargement of the 

cardiac shadow. 
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A course of sulfadiazine therapy was begun July 27 in anticipation 
of a pericardiostomy. On July 31, open drainage of the pericardium 
was performed under local anesthesia through a space made by resecting 
the fifth and sixth costal cartilages. About 60 c.c. of thin, cioudy fluid 
and 60 c.c. of thick coagulated pus poured from the opening in the peri- 
cardium. A finger swept around the heart encountered no adhesions. 
The margins of the pericardial wound were sutured to the deep fascia 
to prevent spontaneous closure. A small iilug of vaseline gauze was 
placed in the skin wound. Despite a stormy course during the first 
twenty-four hours after operation, the patient reacted well to the proce- 
dure. In the next few days the generalized edema diminished and the 
respiratory difficulty became less. It is interesting that a culture of the 
thick pus obtained at operation was reported positive for Staphylococcus 
aureus hemolyticus, although the fluid obtained by all the aspirations 
had been sterile. Drainage of a thin, purulent fluid Avas profuse for 
several days after the operation. Cultures of this fluid on August 3 and 
5 Avere negative. The concentration of sulfadiazine in the blood and 
pericardial and pleural fluids during this period is recorded on the 
chart. . The sulfadiazine Avas discontinued August 9, nine days after 
operation. Drainage subsided gradually and ceased August 10. Four 
da3 r s later the Avound AA r as closed by granulation tissue. 

On August 5 the femoral wound Avas redressed for the third time. 
The cavity Avas about one-third its original size. A thin film of purulent 
exudate lined the cavity. A roentgenogram of the femur shoAved definite 
cortical bone regeneration, healing of the diaphyseal lesion, and no 
sequestrum formation. The abdominal portion of the plaster spica em- 
barrassed respiration. No splint Avas reapplied. Routine stool examina- 
tion shortly after admission to the hospital revealed the presence of the 
ova of Ascaris lumbricoidcs, Taenia nan a, Trichuris trichiura, and 
Necator americanus. Tavo round Avorms Avere passed after attacks of 
severe colicky abdominal pains during the acute phase of the septicemia. 
Appropriate therapy Avas instituted during convalescence. 

In the twelfth Aveek of her illness the patient began to shoAV signs of 
impiwement. The temperature fell to normal, the pulse rate became 
stabilized at 120 per minute, which Avas loAver than it had been since ad- 
mission, and the respiratory rate A r aried betAveen 28 and 32. Her appetite 
Avas A r oracious and she shoAved an increasing tendency to play and talk. 
The lesions in the right thigh filled Avith granulation tissue. On August 
19, thirteen Aveeks after the incisions had been made, these lesions AA r ere 
healed. The femoral shaft, reinforced by periosteal osteogenesis, Avas 
not tender. The liver became painless to palpation, but its size decreased 
very sloAvly. "When the patient Avas discharged, its edge could be pal- 
pated 7 cm. beloAV the xiphoid process and 4 cm. beloAv the costal margin 
in the right midclaAdcular line. There Avas no evidence of cardiac en- 
largement on physical examination, but a soft systolic murmur was 
audible over the entire precordium. The lungs Avere normal. Fig. ID 
shows the condition of the chest on August 31, nine days before the child 
Avent home. At that time her strength Avas greatly improved, and at 
her oAvn insistence she Avas permitted to stand on the affected leg and take 
a few steps. 

The fever (see chart, Fig. 2) in her fifteenth Aveek A\ms caused by an 
upper respiratory tract infection. As soon as this complication had sub- 
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sided she was sent home to continue her convalescence. The chest wound 
was covered by a thin crust, 4 mm. in diameter. We were dissuaded 
from a desire for more prolonged supervision of her recovery by the 
fear of recurrent infections to which she was subject in an Army Hos- 
pital in the field. 

On October 8, one month after leaving the hospital, the child returned 
for a follow-up visit. Her general health had been good except for an 
attack of mumps. She had gained about ten pounds in weight and was 
able to play without embarrassment. Examination of the heart clinically 
and roentgenological^ revealed no enlargement. The systolic murmur 
persisted over the entire precordium. The liver was not tender, but 
had not diminished in size. No tenderness was elicited in the right thigh. 
Atrophy of the right thigh muscles was less pronounced, and the strength 
of these muscles had returned to about three-fourths of normal. There 
was full range of motion of both right hip and knee joints. A roentgeno- 
gram of the right femur revealed further deposition of new bone in the 
affected area and no evidence of sequestration. 

DISCUSSION 

This case was instructive because it demonstrated the efficacy of sulfa- 
diazine in combatting septicemia with secondary osseous, pulmonary, and 
pericardial infections caused by Staphylococcus aureus hemolyticus. It 
provided us with working knowledge of a drug which promises to be ex- 
tremely useful in our present situation. 

The first blood culture from this patient contained 25 colonies of 
hemolytic Staphylococcus aureus per cubic centimeter at the end of 
twenty-four liotirs. A second culture, taken forty-eight hours later, 
contained 30 colonies per cubic centimeter. Eight days after the sulfa- 
diazine had been started a blood culture was negative. Subsequent cul- 
tures remained sterile. The embolic phenomena in the skin, at first 
thought to be due to endocarditis, were probably a manifestation of the 
septicemia. In view of the fact that the blood culture taken just before 
the bacteriophage was begun was negative, and in view of the later 
excellent effect of the sulfadiazine alone, we believe that the bacterio- 
phage played a negligible part in this case. 

Pneumonia was encountered twice during the course of the illness. At 
neither time was the patient receiving sulfadiazine. This drug was 
started immediately and the pulmonary complication was controlled 
within twenty-four hours in both instances. After the original course 
of sulfadiazine had been discontinued for five days, the blood level of the 
drug had dropped to zero. The recurrence of pleural effusion, pneu- 
monia, and pericarditis made it desirable to attain a high concentration 
of sulfadiazine in the blood as soon as possible. This was accomplished 
by administering sodium sulfadiazine in 5 per cent solution intra- 
venously. Twenty-four hours after this, the blood level was 14.0 mg. 
per cent. Of particular interest was the concentration of 40 mg. per 
cent of sulfadiazine in the pleural fluid which was aspirated at the same 
time. Stained smears of this fluid revealed a mosaic of sulfadiazine 
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crystals. Effective blood levels of sulfadiazine were maintained at all 
times by an oral dose of lVg grains per pound of body weight, per 
twenty-four hours. At no time during the administration of the sulfa- 
diazine did we note any evidence of toxicity that might be attributable to 
chemotherapy except for an urticarial rash and the chronic anemia. The 
latter was more, likely due. to the infection than to the drug. There was 
no evidence of acquired tolerance or sensitivity to sulfadiazine during 
the second and third courses of administration. 

The development, of acute Staphylococcus aureus hcmohjiicus peri- 
carditis presented a grave problem in view of the high mortality of this 
disease. We relied upon sulfadiazine as the most effective available ther- 
apeutic agent. When generalized edema and enlargement of the liver 
indicated cardiac tamponade, repeated aspirations were done. Each of 
the earlier aspirations resulted in improvement, but finally the fluid be- 
came too thick to be withdrawn through the available needles. Peri- 
cardiostomy was then performed, and recovery progressed steadily from 
that time. 

The successful management of the osteomyelitis by simple immobiliza- 
tion of the leg and drainage of the soft tissue abscess was very gratify- 
ing. It confirmed our faith in this form of treatment. Although il is too 
early to lie certain that further local or metastatic bone and joint infec- 
tions will not arise, each week diminishes the probability of such an oc- 
currence. The advisability of permitting weight-bearing as early as we 
did in this case is debatable. Thus far. no ill effects have been noted. 

During the early stages of treatment the multiple, small, whole-blood 
transfusions seemed invaluable. Later, blood transfusions were given 
whenever the erythrocyte, count fell below 15,000,000 per cubic centimeter. 

When generalized edema appeared, frequent plasma transfusions were 
utilized. Plasma protein estimations were not available, but we felt that 
the edema was due, at least, in part, to hypoprotcinemia. The multiple 
foci of infection and low protein and low vitamin intake, with liver dam- 
age from passive congestion, were sufficient to cause hypoprotcinemia. 
It. is unlikely that hypoprotcinemia was a primary factor in the edema, 
for the latter was not. dispelled by large infusions of plasma until the 
pericardium had been drained adequately. 

The prognosis in this case is guarded, but. we are optimistic. We feel 
that, it is unlikely that any permanent embarrassment, of cardiac func- 
tion will result. The possibility of t he development, of a constrictive 
pericarditis from contraction of the pericardial sear cannot he predicted 
nor excluded at this time. 

SUMMARY 

Sulfadiazine and surgical traiment were largely responsible for the 
lccovery of a child with Staphylococcus aureus hcvtolyticus septicemia, 
complicated by osteomyelitis, pneumonia, and purulent pericarditis. The 
treatment was carried out in an Army Evacuation Hospital in the field. 
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AVe are indebted to Sergeant Kicliard Nobbe and Corporal Bernard Piper, of the 
United States Army Medical Corps, for valuable assistance in the laboratory studies 
and for their donation of blood for transfusions. 

ADDENDUM 

The child has been examined at regular intervals since leaving the 
hospital. There has been a gradual return of strength and weight, so 
that, eight months after discharge, she is essentially normal. At the 
time of her last examination there was no evidence of cardiac enlarge- 
ment, and the murmur had disappeared. Her response to exercise was 
normal, and there was no evidence of venous engorgement. The hepato- 
megaly had entirely disappeared, and the spleen was not palpable. 
There was no evidence of recurrence of the osteomyelitis at the original 
site or elsewhere, and the right leg was being used in a normal manner. 
A roentgenogram of the clptf showed that the cardiac shadow was within 
normal limits and that tippings were normal. 


Abstracts and Reviews 


Selected Abstracts 


Essex, H. E., Herrick, J. F., Baldes, E. J., and Mann, F. C.: Effects of Exercise on 
the Coronary Blood Flow, Heart Bate and Blood Pressure of Trained Dogs With 
Denervated and Partially Denervated Hearts. Am. J. Physiol. 138: 687, 1043. 

Observations have been made on the corona n - blood flow, heart rate, and blood 
pressure of trained dogs after the following procedures: bilateral sympathetic 
ganglioneetomy, from the eighth costal interspace anteriorly, including the stel- 
late ganglion; double cervical vagotomy; right ydgoMmiy followed by left vagot- 
omy; cardiac sympathectomy and right cervical .vagotomy, followed by left cervi- 
cal vagotomy. Blood flow in the circumflex branch of the left coronary artery was 
observed by use of the thermostromulir. Blood pressure was recorded optically 
from a cannulated femoral or carotid artery. The heart rate was observed elec- 
t.rocardiogr&pliically. 

The effects of exercise on animals that had synipathcctomized hearts were not 
essentially different from results obtained in animals that had innervated hearts. 
In both, series exercise produced increased coronary blood flow, pulse rate, and 
blood pressure. The observations were made 24 to 124 days after sympathetic 
ganglioneetomy. The effects of exercise were very similar in animals on which 
complete cardiac denervation had been performed and those lacking only the 
vagi. Loss of the vagi affected cardiac acceleration profoundly. Vagotomized 
hearts increased only about 10 to 20 beats each minute with increments in the 
rate of work. This was true whether or not the sj*mpathetic nerves were present. 
In the absence of marked acceleration and elevation of blood pressure, the coro- 
nary blood flow was not affected by exercise. In animals that had vagotomized 
or totally denervated hearts, the coronary blood flow appeared to be influenced 
chiefly by the blood pressure. 

Authors. 

Taylor, H. L., Henschel, A. F., and Keys, A.: Cardiovascular Adjustments of 

Man in Best and Work During Exposure to Dry Heat. Am J Physiol 139' 

583, 1943. 

Seven thousand observations on pulse, blood pressure, rectal temperature, and 
rate of sweating in work and rest are reported on forty-three subjects (202 sub- 
ject days) on a constant salt diet before and during exposure to dry heat for two 
to eight days. Additional observations were made on twenty-three other subjects 
for 147 subject days. Observations of pulse and blood pressure before and after 
elevation on a tilt table were made morning and evening. Modified Crampton 
scores of cardiovascular fitness were calculated from these figures. 

Marked deviations from control values in cool conditions were observed in 
work pulse Tates, rectal temperatures, and Cramptom scores during the first davs 
in heat. 

fen cases of heat exhaustion occurred; four of these were clear-cut examples 
showing collapse with hypotension, tachycardia, vertigo, and vomiting. Best with- 
out removal from the hot environment sufficed to restore the ability to perform 
work in these men. 

A rapid improvement in work pulse rate, rectal temperature, and Crampton 
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score took place and was complete in four to five days. No significant' change 
took place in these variables from the fifth to eighth days. 

The primary adjustment involved in acclimatization to heat is an improvement 
in cardiovascular efficiency. A decrease in the accumulation of heat, as measured 
by rectal temperature during work, is probably secondary to cardiovascular 
improvement. 

The average daily sweat loss is not affected by acclimatization. The rate of 
sweating during work tends to increase as acclimatization proceeds, but a large 
part (one-lialf) of this changes occurs after the more important adjustments, as 
indicated by the rectal temperature and pulse rate during work, have taken place. 

The failure of the work pulse rate to show improvement over the value of the 
first day is a sign of impending heat exhaustion; similarly, poor cardiovascular 
postural adjustment in the evening is a danger sign. 

None of the variables studied in the cold (control) are useful in the prediction of 
the ability to acclimatize in subsequent exposure in heat. 

Authors. 

Barrow, W. H., and Ouer, R. A.: Electrocardiographic Changes in Exercise: Their 

Relation to Age and Other Factors. Arch. Int. Med. 71: 547, 1943. 

With a series of 100 normal men, a study was made of the electrocardiographic 
changes produced by vigorous participation in such active sports as handball and 
badminton. Tracings were taken immediately before and immediately after 
exercise. 

There were no significant changes in the auriculoventricular or the intraven- 
tricular conduction time. Inversion of the P wave in Lead CF 4 , after exercise, 
occurred in about half the group. Changes in the T wave were limited to changes 
in voltage. These were common, but no frank inversion of the T wave or distor- 
tion of the S-T segment was found. A change in the size of the QKS complex 
was most common, being found in four-fifths of the men in the series. 

Half of the men studied were under 40 years of age, with an average age of 
31 years, while the other half were over 40 years, with an average age of 49 years. 
There were no significant electrocardiographic differences between the two age 
groups, although the incidence of change, when it did occur, was greater in the 
younger group. 

Concurrently, a determination of the Schneider index was made for each sub- 
ject. There was no marked difference in the average rating of the two age groups. 
There was no demonstrable correlation between the Schneider index rating and 
the electrocardiographic changes noted v r itk exercise. 

Tlrree-fifths of the men studied were smokers. The smokers had a Schneider 
index slightly lower than the nonsmokers, and changes in the P wave in Lead CF 4 
and in the T wave were more frequent in this group. In the course of the investi- 
gation there were found a few distortions of T, S-T, and QRS, which disappeared 
with vigorous and prolonged exercise, and which may therefore be considered as 
occasional variants of the normal electrocardiogram. 

Authors. 


Weinberg, T., and Himelfarb, A. J.: Endocardial Fibroelastosis (So-Called Fetal 
Endocarditis). A Report of Two Cases Occurring in Siblings. Bull. Johns 
Hopkins Hosp. 72: 299, 1943. 

Two cases of fibroelastosis of the endocardium occurring in siblings are pre- 
sented. This, together with the lack of history of any type of infection in the 
mother during both periods of pregnancy, militates strongly against the concept 
of fetal endocarditis as implying an intrauterine infection and just as strongly 
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supports tlie suspicion of an inherent developmental defect. Further support for 
the latter theory is seen in the lack of inflammatory stigmata in cither tho endo- 
cardium or myocardium. 

An explanation is offered for the ultimate left heart failure in these cases. 

Authors. 


Crawford, <1. H.: Aneurysm of the Heart. Arch. Int. Med. 71: 502, 1043. 

There arc no symptoms characteristic of aneurysm of tho heart. It may he 
asymptomatic, but, as a rule, some symptoms due to congestive heart failure are 
present. Sometimes angina pectoris is the only complaint. 

The signs which are most frequently present and appear to be most important 
in the diagnosis of aneurysm of the heart are: a history or electrocardiographic 
proof of coronary .occlusion; the presence of an nbnormnl precordial pulsation 
distinctly separated from the apex pulsation, particularly when it is situated 
above the fifth rib; on roentgen examination, a localized bulge which ennnot be 
separated from the heart shadow in any view in which it can be seen, or an 
angulation of the left border of the heart; systolic expansion in the region of tho 
abnormality as seen on fluoroscopic or roentgenokymographic examination, which 
is practically conclusive evidence, and small contractions or none in this area, 
which arc strongly suggestive; and localized pericardial adhesions or calcification 
of the aneurysmal wall or its contents. 

The following conditions simulate aneurysm of the heart most closely and must 
be carefully differentiated from it: tumor of tho heart; aneurysm of a sinus of 
Valsalva; aneurysm of a coronary artery; calcification of the pericardium; di- 
verticulum of the pericardium; loculated pericardial effusion; nnd cyst of tho 
pericardium. 

Author. 

Miller, W. S., and Woods, W. W.: Fatal Coronary Thrombosis in a Man Aged 

Twenty-Two. Brit. Heart .T. 5: 101, 1943. 

A case of sudden unexpected death from coronary thrombosis and ischemic 
fibrosis of the myocardium is described in a man 22 years of age. Thrombosis 
had occurred in the anterior descending branch so long before death that the 
thrombus was completely organized and contained vessels with musculo-elastic 
walls. There was a more recent incompletely organized thrombus in tho circum- 
flex branch. The examination revealed neither a thrombus that had formed im- 
mediately before death nor a recent myocardial infarct. The only disease found 
in the coronary arteries predisposing to thrombosis was atheroma. There was no 
history of any illness before the attack, which started about one hour before 
death. 

The reported cases of coronary thrombosis in young ndults are reviewed. Tho 
condition in young adults is very similar to the typical case in later life except 
that raised blood pressure has rarely been noted. The pathologic lesion found in 
the cases that have come to necropsy is atheroma (atherosclerosis) of the coronary 
arteries, the anterior descending branch of the left coronary being most fre- 
quently the site of the thrombosis. 

Authors. 

Smith, J. J., and Furth, J.: Fibrosis of the Endocardium and the Myocardium 

With Mural Thrombosis: Notes on Its Relation to Isolated (Fiedler’s) Myo- 
carditis and to Beriberi Heart. Arch. Int, Med. 71: 002, 1943. 

Three cases of heart failure in young adults which is not attributable to ar- 
teriosclerosis, hypertension, or valvular heart disease are reported. 



712 


AMERICAN HEART JOURNAL 


The most striking pathologic features are endocardial and myocardial fibrosis, 
and cardiac hypertrophy- and dilatation in the absence of vascular or valvular 
change. The endocardial fibrosis and cardiac failure predispose to mural throm- 
bosis with emboli. These changes resemble those previously described in the liter- 
ature under the term isolated myocarditis. 

The question is raised whether these changes could have been associated with 
deficient diet and could represent a variant of beriberi heart. 

Authors. 

Pasqualini, R. Q., and Donnes, A. V.: Frequency of Acute Polyarticular Rheu- 
matism in Argentina. Rev. argent, de cardiol. 9: 367, 1943. 

The frequency of rheumatic fever among three hundred thousand 20-year-old 
men from the Argentine army over a period of eight years has been analyzed. 
In this period there were 1,288 cases of rheumatic fever, which gives a global 
proportion of 4.3 per cent. 

The frequency was greater in the Atlantic littoral, in the Patagonian region, 
and in the east-central zone; it was medium in the river littoral, and smallest in 
the northern region. The maximum frequency occurred during August and Sep- 
tember, except in the Patagonian region, where it occurred in June. 

The frequency observed should be considered very high if compared with data 
obtained in other parts of the world. 

Authors. 

Jones, E., and Bedford, D. E.: Syphilitic Angina Pectoris. Brit. Heart J. 5: 

107, 1943. 

A series of 103 syphilitic patients subject to paroxysmal pain in the chest has 
been investigated with special regard to the clinical characteristics of the pain 
and its pathogenesis. 

The age of onset of pain was evenly distributed over the fifth, sixth, and seventh 
decades, its maximal incidence being actually between 40 and 50 years. There 
were 80 men and 23 women, giving a sex ratio of 3.5 to 1. A history of syphilitic 
infection was obtained in 31 cases; the average period between infection and the 
onset of pain was 24 years. A positive Wassermann reaction was recorded at 
some stage in 96 cases. 

The main clinical findings were aortic incompetence in 67 cases; dilatation of 
the aorta in 59; cardiac enlargement, often slight, in 83; and essential hyper- 
tension in 26. Abnormal cardiograms were recorded in 57 of 94 cases examined. 

Seventy-six patients were subject to angina of effort and 64 had pain apart 
from effort. Nocturnal attacks were common and were usually independent of 
paroxysmal dyspnea. They tended to be prolonged but were relieved by nitrites. 
Paradyspneic anginal attacks occurred in 13, a syphilitic status anginosus in 9, 
and symptoms of coronary thrombosis, not attributed to syphilis, in 10 cases. 

Post-mortem findings in 12 cases are given, and other pathologic data are con- 
sidered. The essential lesions of syphilitic angina are aortitis and aortic incom- 
petence, usually combined with stenosis or occlusion of the coronary ostia. Ather- 
omatous and thrombotic coronary occlusion may be coincident with syphilitic 
aortitis. Pathologic evidence that uncomplicated aortitis causes anginal pain is 
lacking. 

The thesis of an atypical or pseudo-anginal syndrome due to aortitis is examined 
and rejected. Paroxysmal pain in syphilitic cases conforms to recognized clinical 
varieties of angina pectoris such as are encountered in nonsyphilitic coronary and 
aortic disease. Aortic incompetence and obstruction of the coronary ostia, which 
affect the blood supply to the whole heart, and cause widespread rather than focal 
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cardiac ischemia, predispose to spontaneous and prolonged pain. Tlie horizontal 
posture appears to lie an imjiortnnt excitin': cause of tltese nocturnal attacks. In 
paradyspneic pain, the effect of posture may he largely mechanical, hut in other 
cases a reflex nervous mechanism may he operative, t onsidernt ion of certain 
cases also suggests that a relationship may exist between pressure pain from a 
dilated aorta and recumbency. 

'['he clinical course, prognosis, and treatment tire briefly described. 

\ i-Tnnns. 


McGavack, T. H.: Angina-Like Pain: A Manifestation of the Male Climac- 
terium. .1. Clin. Endoerin. 3: 71, 1013. 

Severe angina-like pain was observed in eight patients, which did not respond 
to treatment with vasodilator drugs and sedatives, but was promptly relieved by 
the administration of testosterone. When looked for, other evidence of changing 
testicular function was present, such as impotence, easy tiring, myalgic and 
arthralgic pains, vague digestive complaint*, mild genitourinary symptoms, in- 
somnia, and vasomotor disturbances. As a group, these patients represent a syn- 
drome in which some cardiovascular disturbance, notably precordial pain, is the 
predominant expression of the male climacterium. Their failure to respond to 
the. usual vasodilator drugs distinguishes them from other forms of angina pec- 
toris which nitty or may not be relieved by sex hormone therapy. The influence 
of testicular hormones on cardiac activity is briefly discussed. 

AVTlton. 

Duncan, G. W., Hyman, C., and Chamber, E. L.: Determination of Blood Pressure 
in Eats by Direct Observation of Blood Vessels. .1. Lab. & Clin. Med. 28: $S6, 
10-13. 

The arterial blood pressure of rats may be rapidly and easily determined by 
microscopic observation of the flow of blood in the small arterial vessels of the 
interdigital web. Values obtained by this method agree with pressures deter- 
mined by aortic ennnulation and with those reported in the literature. 

Authors. 

Cromartic, \V. J.: Arteritis in Rats With Experimental Renal Hypertension. Am. 
.T. M. Sc. 206: 06, 1013. 

A form of arteritis similar to that described as occurring spontaneously in 
rats over 600 days of age has been found to occur in a high percentage of rats 
100 days of age, which had developed either arterial hypertension and a sup- 
purative infection of one or both kiyneys, or arterial hypertension unassociated 
with renal infection, following the application of a layer of cotton cloth to the 
surface of one or both kidneys. 

The pathologic anatomy of this disease is described, and the similarity of 
these lesions to the lesions of periarteritis nodosa of man is pointed out. 

Other arterial changes which do not seem to be related to the inflammatory 
arterial disease are described and a possible factor in their pathogenesis is dis- 
cussed. 

Author. 

Page, I. H., Taylor, R. D., and Kolilstaedt, K. G.: A Case of Extreme Hypotension 
Pollowing Acute Arsenic Poisoning With Adequate Blood Supply to the Tissues 
Am. J. M. Sc. 205: 730, 1913. 

A paretic was studied who took 15 Gin. of arsenic trioxidc with suicidal intent. 
He was able to walk and cooperate despite the fact that mean intra-arterial blood 
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pressure was only 30 mm. Hg. The other striking feature was that tissue per- 
fusion seemed excellent; the only function appearing to suffer being the ability 
of the kidneys to secrete urine. 

The patient was able to maintain adequate perfusion of the tissue by doubling 
the output of the heart and greatly reducing peripheral resistance. The renal 
vasopressor system did not respond to the hypotensive stimulus possibly because 
pulse pressure was not reduced. 

The patient seemed to have few ill effects from this episode except that, asso- 
ciated with it, reactivations of general paresis, from which he had previously 
suffered, occurred, leading to his death. 

This clinical experiment suggests that reduction in arterial pressure need not 
lead to serious consequences if the perfusion of the tissues remains adequate. In 
this respect the clinical picture was the reverse of shock in which both arterial 
pressure and tissue perfusion are severely reduced. The importance of obtaining 
better tissue perfusion in shock rather than elevating arterial pressure, the con- 
verse of the hemodynamic state in this patient, is suggested by these observations. 

Authors 


Holt, J. P.: The Effect of Positive and Negative Intra-Thoracic Pressure on 

Peripheral Venous Pressure in Man. Am. J. Physiol. 139: 20S, 1943. 

Venous pressure was determined in the antecubital vein by a modification of 
the direct method of Moritz and Tabora in eight normal subjects who breathed 
from a chamber in which the pressure was varied from 14 cm. of water above to 
14 cm. below atmospheric. In the supine subject, with the arm held well below 
heart level, the peripheral venous pressure decreased when air under negative 
pressure was breathed, and increased when air under, positive pressure was 
breathed. When the arm was held well above heart level, in the supine subject, 
the peripheral venous pressure remained constant when intrathoracic pressure was 
decreased. In the sitting position the peripheral venous pressure remained con- 
stant when the intrathoracic pressure was decreased. 

In normal man, in the supine position with the arm well below heart level and 
abducted to 45 degrees, peripheral venous pressure is a function of right auricular 
pressure. 

Author. 


Lisa, J. R., Eckstein, D., and Solomon, C.: Relationship Between Arteriosclerosis 
of the Renal Artery and Hypertension: Analysis of 100 Necropsies. Am. J. 
M. Sc. 205: 701, 1943. 

The caliber of the renal arteries was studied in 100 consecutive cases in which 
blood pressure readings were obtained. Hypertension was present in 56, normal 
pressures were found in 44. Marked variations were found in the caliber of non- 
sclerotic vessels when measured in the fresh state and in the fixed stained prepa- 
ration; therefore, only the figures obtained in the fresh state were used for analy- 
sis. The differences of caliber between sclerotic vessels of the hypertensive and 
nonhypertensive cases were insignificant. Only two instances were found simu- 
lating the Goldblatt kidney. The degree of cholesterol deposit bore no relation- 
slap to the caliber. The degree and extent of arteriolar sclerosis estimated from 
the histologic examination of the kidneys proved a better index of the blood 
pressure readings than the caliber of the main renal arteries. The data lend more 
support to the theory advanced by Page than that of Goldblatt for the develop- 
ment of hypertension. 


Authors. 
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Megibow, R, S., Katz, L. N., and Feinstein, M.: Kinetics of Respiration in Ex- 
perimental Pulmonary Embolism. Arch. Int. Sled. 71: 53G, 1043. 

Respiration following embolism of major and moderately sized pulmonary arteries 
is characterized by tachypnea, dyspnea, and hyperpnea; that following embolism 
of pulmonary arterioles and capillaries is characterized primarily by tachypnea. 

These changes are not dependent on anoxemia, since the onset of rapid breath- 
ing is not infrequently associated with an increase in the oxygen content and per 
cent oxygen saturation of the arterial blood. 

Alterations in carbon dioxide content and in pH of the blood similarly play 
insignificant roles, since hypercapnia is inconstant and when occurring is transi- 
tory, while respiratory variations occur prior to any tendency to acidemia. 

Actual decreases in volume and variations in elasticity in the lungs, such as 
follow congestion, edema, and atelectasis, while later adding definitive increases to 
the already accelerated respiration, are by themselves not fundamentally implicated. 

Evidence is presented to show that the respiratory changes are not mediated 
centrally by circulatory slowing through the respiratory center. 

The fact that bilateral vagotomy constantly converts rapid postombolic breath- 
ing into slow vagal breathing is utilized as further evidence that the production 
of rapid breathing is peripheral rather than central. 

The intimate relation of vascular obstruction to rapid breathing is indicated, 
and the fundamental mechanism with all varieties of pulmonary embolism is shown 
to be stimulation by distention of afferent nerve endings scattered throughout the 
pulmonary arterial bed, right side of the heart, and superior vena cava. 

Through rapid increases in elasticity of the lungs, secondary reflexes are initi- 
ated altering the primary respiratory response, and these account for the absence 
of dyspnea and hyperpnea in miliary embolism. 

A brief consideration of the therapeutics of postembolic respiration shows that 
of the drugs studied, only papaverine exerts any beneficial action. 

There is a possibility that reflexes of similar origin may be responsible for dyspnea 
in congestive heart failure and acute failure of the left side of the heart. 

Authors. 

Men:es, H. J., and Quesada, J. J.: Normal Cardiovascular Roentgen Silhou- 
ette Studied by Means of Roentgenograms of the Chests of Cadavers After 
Opaque Solutions Had Been Injected Into the Large Vessels and Chambers of 
the Heart. Arch. Int. Med. 70: 66G, 1043. 

The right side of the cardiac silhouette is formed from the cranial end down- 
ward by a short, nearly vertical segment corresponding to the innominate vessels, 
by the so-called right superior arch, which normally corresponds to the superior 
vena cava, placed normally to the right of the ascending aorta, and by the inferior 
right arch, corresponding to the right atrium. The very short straight segment 
sometimes visible in the lower part of this silhouette is formed by the inferior 
vena cava. The suprahepatic veins were totally sub diaphragm a fie in the cadavers 
studied. 

The left side of tiie cardiac silhouette is formed from the cranial end down- 
ward by a straight segment corresponding to the left carotid and left subclavian 
arteries, by the middle arch, corresponding on its upper portion to the left divi- 
sion of the pulmonary artery, on its middle portion to the pulmonary artery, 
and on its lower portion to the left atrium, and by the inferior left arch, corre- 
sponding to the left ventricle. 

In the roentgenograms the lower and oufward pole of the shadow of the heart, 
usually called the apex, corresponds entirely to the left ventricle. 

The shadows normally obtained at the sites of the pulmonary liili correspond 
to the branching of the right and the left division of the pulmonary artery. They 
are mainly vascular and even arterial in nature. 



austkai'ts 


717 


Tin- silhouette of tin- heart and ve--els in n right anterior oblique position is 
formed on the ,-piti.tl ^i.l«> by the sup-riot vena cava on it,- upper l"'rtimi mid by 
tin' right atrium on its lmv«>r portion. Tlii- same silhouette if- - formed on the 
ventral side from the eraninl end downward by the n-eeuding aorta (the innonii- 
nnte vessels and the left earotid mid -nholnv inn mimic- belli}: nearly t ransparent 
to roentgen my.- > . the jiulmotimy nttery and it- left divi-ion, am! the left ventricle. 

The silhouette of the heart mid large ve--el- in toent g.-nngrmns tnhen in a 
left anterior nblbjue position i- formed on the Vi'iitud side by tlie superior vena 
envti on the upper portion, by the n-.-cuding aorta on the middle portion, mid by 
tin 1 right vent riele on the lower portion, tin tin* -pinal -ide it i- formed on the 
tipper part bv tin' aorta, **u the micelle portion by the p'lilmonarv artery, and on 
the lower portion by the left atrium. 

Xormallv. only the a-, ending portion <>f the aorta i- vi-ible on a toent genogmm 
tnhen in a left anterior obli'ipte po-itioti, "he trriti*ver«e {nr lion 1-eitig .su|*erimpn-cd 
OTt the traeheal ele;irne-» and the de-.-endsug portion oil the -hlid'iw of the vertebrae. 


\ r-elt, A.r- 


Shumnckcr. IT. G„ Jr.: Sympathectomy in the Treatment of Peripheral Vascular 
Disease. Surgery 13: l. If 1 S3. 

The value of sympathectomy in the tieatmetit of di-mdcr- of she peripheral 
eirrulation has been diseu--ed. The -tudy of patient- in rin uitetupt to evnlunte 
the pos-ible benefit of sympathectomy i- outlined, tin' operative tcrhui<|Uc of 
dorsal and lumbar sympathectomy i- de.-etibed, and the re-nlts in sympathetic 
denervation of eighty-three eMretnities i- presented. 

At Tltm:. 


Hctlley, 0. F.: The Fraudulent Use of Digitalis to Simulate Heart Disease. Ann. 

Int. Med. 18: b'l. l!> 13. 

Altogether, ''I person- were actively involved. Of these, »> were eonvieteil after 
trial, 3S jdeaded guilty. Pi were indicted but pleaded not guilty, 3<l confessed but 
were not indicted, and 'J were arrested but not indicted. In addition, there were 
)."> others against who w there was evidence of guilt but who have not been ar- 
rested, or indicted, or have not confessed. 

Two physicians were convicted after trial, 7 pleaded guilty nnd were sentenced. 
3 were indicted but pleaded not guilty, pi confessed but were not indicted, while 
among 11 others there was ev idence of guilt at hand but they were not arrested, 
indicted, or eonvieteil. Many other physicians unwittingly certified claimants ns 
having heart disease and were occasioned embarrassment nnd loss of time. 

Life insurance policies amounting to more than ten million dollars in more 
than forty different life insurance companies were involved. Actual payments 
and cash settlements amounting to several hundred thousand dollars were made. 
The most important feature of this conspiracy was that as u result of this and 
other fraudulent practices, the cost of disability insurance hns great lv increased, and 
most insurance companies have ceased issuing this form of insurance. This vitallv 
affects many honest citizens who might otherwise receive this protection. 

Aim ion. 

Frankel, D. B., nnd Wakcrltn, G. E.: Excretion of the Urinary Antidinretic Prin- 
ciple in Renal Hypertensive Dogs. Am. .1. Physiol. 138: Pi;',, ] 013 . 

The excretion of the urinary antidiuretic principle in dogs during normal 
hydration and during dehydration was not changed by the production of experi- 
mental renal (Goldblatt) hypertension. 
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These results do not support, but do not rule out,, the possibility of altered 
posterior pituitary function in experimental renal hypertension in the dog. 

Authors. 

Little, J. M., and Wells, H. S.: Capillary Permeability to Intravenously Admin- 
istered Gelatine. Am. J. Physiol. 138: 495, 1943. 

It has been shown that intestinal capillaries injured sufficiently to permit the 
partial or complete passage of serum proteins through their walls allow the passage 
of only 35 to GO per cent of plasma gelatin. This is thought to be due either to a 
slower rate of escape for gelatin than for scrum proteins or to the presence of 
gelatin particles to which the injured capillary is completely impermeable. 

Authors. 

Introzzi. A. S., Cabanne, E. A., and De Soldati, L.: Plethysmographic Studies on 
the Action of Various Drags on Caudal Flow of Blood. Rev. argent, de eardiol. 
9: 230, 1942. 

The plethysmographic method was applied to the study of variations in blood 
flow to the fingers caused by the intramuscular administration of nicotinic acid, 
priscol, eupaverine and prostigmine to seventeen normal subjects and four patients 
with Raynaud ’s syndrome. 

These drugs showed an inconstant effect on the finger ; s blood flow of normal sub- 
jects. The temperature of the skin rose markedly especially with eupaverine and 
priscol, and the central temperature generally decreased with nicotinic acid. 

In the patients with Raynaud’s syndrome only prostigmine was found effective 
(two cases), though it should be studied in a greater number of subjects. 

AUTHORS. 

Stumick, M. I., Riseman, J. E. F., and Sagall, E. I.: Studies on the Action of 
Quinidine in Man. II. Intramuscular Administration of a Soluble Preparation 
of Quinidine in the Treatment of Acute Cardiac Arrhythmias. J. A. M. A. 121: 
917, 1943. 

A soluble preparation of quinidine suitable for parenteral administration, con- 
taining 0.15 Gm. in each cubic centimeter, can be made by the addition of urea and 
antipyrine to quinidine hydrocldoride. The preparation of this solution is not diffi- 
cult, and the ingredients are readily available. Since this injectable quinidine can 
be stored in ampoules, it is of practical value in the emergency treatment of acute 
cardiac arrhythmias. 

Twenty-four episodes of acute cardiac arrhythmias in a series of twenty patients 
were treated by the intramuscular administration of this preparation. In fifteen 
instances (thirteen patients) the rhythm was converted to normal. In three addi- 
tional instances conversion to normal was probably due to tliis therapy. In one in- 
stance the dose used was too small. In the remaining five instances the drug failed 
to control the abnormal rhythm. Three of the five instances were attacks of sino- 
auricular tachycardia. 

Toxic reaction to the drug (mild diarrhea) was experienced by only one patient. 
No local reactions were encountered. 

The following appears to be a practical method for using the drug in the treat- 
ment of acute arrhythmias: 

An initial dose of 0.45 to 0.6 Gm. should be given intramuscularly. 

The response to each dose should be observed for one and one-half hours to two 
and one-half hours. If conversion to normal rhythm does not occur in that time, 
additional medication is indicated. 
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A favorable response consists in definite slowing of Hie apical heart rate, a rise in 
blood pressure to above the shock level, decrease in symptoms, or striking improve- 
ment in the patient ’s general condition. In such instance- the initial dose may be 
repeated. If a favorable response is not observed, it is advisable to increase the size 
of the dose. 

Injectable quinidinc can be used whenever ornl quinidine therapy is advisable. It 
is especially indicated when absorption from the gastrointestinal tract may he delayed 
or unreliable (vomiting, shock, and the like), and when rapid therapeutic action 
is desired. 

Pearson, J. E. G.: Acute Disseminated Lupus Erythematosus: Becovery With 

Sulphanilamldc. ltrit. M. ,t. 1: ISMS. 

A case of acute disseminated lupus erythematosus was treated successfully 
with sulfanilamide. The further trial of sulfanilamide therapy for the ueuto 
forms of this disease without clinical evidence of tuberculosis is suggested. 

McCfUiOni. 


Erratum 

In the article entitled '• Paroxysmal Supraventricular Tachycardia With A-V 
Block,” by George M. Deeherd, dr.. George K. Herrmann, and Edward II. Schwab, 
which appeared in the October. ISM."., issue of the .Im:i;.\\\i„ volume llti. page -171, in 
the fourth line under Discussion •'meehani-m ” should lie changed to '‘interval.” 
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ON THE PATHOGENESIS OF THE SIGNS OF TRAUBE AND 
DUROZIEZ IN AORTIC INSUFFICIENCY. A GRAPHIC STUDY 

Aldo A. Luisada, M.D. 

Boston, Mass. 

P ROPER 'evaluation of acoustie phenomena in peripheral arteries is 
very important for the understanding of the hemodynamics of aortic 
regurgitation. Therefore, a series of observations based upon exact 
graphic records, and not on subjective appreciation, will be of some 
interest. 

The acoustic phenomena in peripheral arteries in aortic insufficiency 
were studied a long time ago, mostly on the femoral artery. 

In 1841, Bouillaud 2 described a double murmur in the femoral arteries 
of patients with this valvular disease. In 1861, his pupil Duroziez 4 em- 
phasized the significance of this double murmur (double souffle). He 
studied the conditions of its appearance- (marked compression with the 
stethoscope) and emphasized it so that it was accepted as a typical sign 
of aortic regurgitation. 

A few years later, Traube 22 ' 0 described a double tone (Doppelton) 
which can be heard in rare eases by applying the stethoscope lightly on 
the femoral artery, so that the diameter of the vessel is not modified by 
the compression. 

The fundamental work of Duroziez and Traube made many points 
clear concerning the causation of these murmurs and sounds. 

1. The double tone is a rare phenomenon, the double murmur is fre- 
quent (Traube). 

2. The double tone is a spontaneous phenomenon in the arterial wall 
(Traube). The double murmur, on the contrary, is an artificial phe- 
nomenon caused by eddies in the blood stream produced by compression 
with the stethoscope (Duroziez, Traube). 

3. If the stethoscope is lightly applied on the artery, it is also possible 
to produce the first murmur by compressing the vessel above the stetho- 
scope. The appearance of the second murmur, on the contrary, is 
favored more by compressing the vessel below it (Traube 22 ). 

4. N either phenomenon is typical of aortic regurgitation. The double 
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tone, can be observed during fever (Pranlzel,** Tran be- 2 ), and the double 
murmur in typhoid fever, clxlorosis, and saturnism (Duroziez 1 ). 

These observations afford a clear distinction between the two vascular 
phenomena, in spite of the confusion introduced by later workers. 

The first arterial murmur was explained as caused by the eddies which 
are formed by the pulse wave under the narrow arterial section where 
the stethoscope is applied. 

The first of the two sounds described by Traube seemed to be caused 
by the quick distension of the artery, because of the typical character of 
the pulse (pistol-shot sound). On the contrary, the second sound and 
the second murmur were differently explained, and numerous investiga- 
tions were made in order to ascertain their meaning. 

The second tone described by Traube was explained by him as caused 
by the rapid change of tension of the arterial wall after the quick dis- 
tension. 

The second murmur was explained by Duroziez as caused by a back- 
ward wave coming from the periphery. TIis own words were: “ . . . 
le sang de tout 1’arbre arteriel, arrete par la contraction des arterioles, 
recule et, rencontrant a son tour un retrecissement, il souffle eomme il a 
souffle en avant. . . . Lcs deux souffles vont cn sens contraire; e’est un 
mouvement de va-et-viens. ” 

A few years later Toussaint and Colrat 21 advanced the hypothesis that 
the second murmur was caused by the dicrotic wave. Therefore, they 
admitted a double centrifugal movement of the blood stream under the 
stethoscope (double souffle en avant). The centripetal nature of the 
wave causing the second murmur was, however, admitted by all later 
authors. Since a total reflux from the periphery could not be easily 
visualized, the old theory was replaced by that of a local reflux. This 
■would be caused by the marked difference in pressure in the two arterial 
sections which are separated by the stethoscope. This new concept was 
first advanced by Potain, 17 then discussed and accepted by Ferrio and 
Bosio, 5 and was further amplified by Gallavardin. 7 

The double femoral murmur is found in certain patients who do not 
have aortic regurgitation. Its occurrence in patients with conditions 
which accelerate the circulation was first observed by Duroziez. 

Ferrio and Bosio, 5 Tice, 20 Laubry and his ■ co-workers, 9 and Blumgart 
and Ernstene 3 studied it in patients without aortic insufficiency. 

The studies of Ferrio, Laubry, and Blumgart need further discussion, 
because their observations are partly contradictory. Ferrio and Bosio 0 
found that the application of an elastic band to the leg may cause the 
appearance of a double murmur in the femoral arteries of normal people. 
The same device increases the double murmur of patients with aortic 
insufficiency. 

Laubry, Brosse, and van Bogaert 9 found that a peripheral obstacle, 
namely, a pneumatic cuff inflated nearly to the level of the systolic pres- 
sure, increases the intensity of the second murmur in aortic insufficiency. 
In arterial hypertension, compression below the stethoscope causes the 
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appearance either of a diastolic sound or a diastolic murmur. They 
confirm, therefore, the old observations of Traube. Quite different ueie 
the observations of Blumgart and Emstene 3 in their study of the double 
murmur in both the femoral and brachial artery. They found that ap- 
plying a pneumatic cuff to the forearm and inflating it below the dias- 
tolic pressure abolished the second murmur in patients without aortic 
insufficiency (thyrotoxicosis, hypertension, normals). On the contrary, 
pressure with the upper edge of the stethoscope bell increased the mur- 
mur in the same patients. In patients with aortic insufficiency the sec- 
ond murmur was increased by the same pneumatic device and by com- 
pression with the lower edge of the stethoscope bell. In accordance with 
their own observations, Ferrio and Bosio, as well as Laubry, Brosse, and 
van Bogaert, believe that the second murmur is caused by backward flow 
in patients both with and without aortic regurgitation. Blumgart and 
Ernstene, on the contrary, admit a double mechanism : backward flow 
when there is aortic insufficiency, and forward flow when this condition 
is absent. 

Summarizing the preceding studies, an increase in the intensity of the 
second murmur (and also of the second tone) was produced by applying 
a distal obstacle to the arterial flow in patients with aortic insufficiency. 
Contradictory results are reported on patients without; aortic insuffici- 
ency; Blumgart and Ernstene observed disappearance of the murmur 
with a distal obstacle, but all others observed an increase (Traube; 
Ferrio and Bosio; Laubry, Brosse, and van Bogaert). As the former in- 
flated the cuff below diastolic pressure, the latter much above it, the dif- 
ference might be the result of using a different technique. 

Further observations were made by Laubry and his co-workers 0 con- 
cerning another murmur which may be caused by the second top of the 
pulse wave when there is anacrotism. In such cases there is a double 
murmur at first (main wave with anacrotic depression), and another 
murmur later (equivalent to the second murmur of Duroziez). 

A few years earlier, a graphic study of the double murmur was made 
by Pasoli. 10 In spite of a still incompletely developed phonocardio- 
graphic technique, he was able to record the first and second murmur. 
Among the chief results of his study were: (1) demonstration that 
there is no abnormal deformity of the pulse curve during the second 
murmur; (2) proof that, at the time of the second murmur, the pulse in 
the dorsalis pedis artery is still near the top. Pasoli admitted that the 
second murmur was caused by a second forward movement, of the blood 
stream, produced by a local contraction of the artery. 

TECHNIQUE 

The acoustic vibrations of the arteries were recorded by means of a 
Stetho-Cardiette (Sanborn). This apparatus made possible a simul- 
taneous recording of other tracings. 

The first experiments were clone with the original technique of Traube 
and. Duroziez, but by substituting for the stethoscope, a microphone with 
an open funnel. Comparison was made between records with a stetho- 
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scopic microphone and those with a logarithmic microphone; the latter 
is more similar to the human ear. The audiophone enabled one to hear 
the sounds and murmurs during the taking of the records. A further 
study was made with microphones closed by a membrane which gives bet- 
ter tracings of high-pitched murmurs (Rappaport and Sprague 18 ). 

After ascertaining the type of murmurs and sounds which are typical 
of the femoral artery, attempts were made to obtain simultaneous re-, 
cordings of sounds and arterial pulse at the seat of application of the 
stethoscope. This was done by using the special funnel and the crystal 
microphone described by Miller and White 15 for venous pulse records. 

Since it is very important to follow the pulse wave in its peripheral 
course after it has passed under the stethoscope, records were made in 
which the femoral sounds were recorded simultaneously with either a 
low tibial pulse or a foot pulse. The former was recorded by means of a 
pneumatic cuff and a new apparatus recently studied by Rappaport 
and Luisada. 12 A further problem, that of recording at the same time 
the femoral sounds and the heart sounds, was solved in the following 
way: Two absolutely identical Stetho-Cardicttes were used. One re- 
corded Lead I of the electrocardiogram and the heart sounds over the 
aortic area. The other recorded Lead I of the electrocardiogram and the 
femoral sounds. The tracings were taken simultaneously at a film speed 
of 75 mm. per second. Both motors were started at the same time and 
simultaneous signals were written from time to time on both records.' 
The signals made possible a comparison of the records. The ventricular 
complex of the electrocardiogram made possible an absolutely exact 
superimposition. 

A similar technique was used for recording the arterial sounds either 
above and below a compression, or at different points of the femoral 
artery. A pneumatic cuff was applied on the limb. Two microphones 
were applied on the artery, above and below the cuff (Fig. IB). In 
other experiments the cuff was displaced downwards, either just above 
or just below the knee. Two microphones were applied on the thigh. 
The upper compressed the femoral at the groin and produced the double 
murmur, and the lower was applied with just slight compression on the 
thigh. A test was made to ascertain that the latter was not producing 
any local murmur before starting the compression with the upper micro- 
phone (Fig. 1A). 

The same technique was later used for the arm. Two Stetho-Cardiettes 
recorded the two phonoarteriograms simultaneously. Electrocardiograms 
and signals were recorded as mentioned above. 

Later, two microphones were applied either 5 or 10 inches apart on 
the femoral artery. Two pneumatic cuffs gave the same light pressure 
to them. A test was made in order to exclude any local production of 
murmurs. Then another cuff was inflated to a high pressure below the 
lower microphone. 

In a further series of experiments the changes induced by compres- 
sion either above or below the seat of appearance of a murmur were 
investigated. For this purpose I used the apparatus described by Rap- 
paport and myself 12 for blood pressure records. This contains a double 
microphone and is connected to a double pneumatic cuff. The upper 
cuff is inflated to a known pressure, and the lower cuff is connected to 
both microphones, giving two tracings, i.e., that of the pulse and that 
of the sounds. The device was employed in the routine way for the 
study of sounds and pulse below the compression. The order in which 



LUISADA : 


SIGNS IN AOHTIC INSKF FiflIKXCV 


72. r > 


the cliffs wore applied was later reversed in order to study sounds and 

pulse above the compression (Fig. 1C). 

This work was performed on twenty-two patients irmn diflorent hos- 
pitals.® Eight of them had syphilitic aortic insufficiency, nine had 
rheumatic aortic insufiiciency. and five had arteriosclerotic aortic insut- 
iiciency. Seven additional patients had arterial hypertension, and four 
subjects were normal students into whom different drutrs were injected. 
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1. Aspect: s' mid Phase of {he First Murmur . — The first murmur upon 
compression of the arteries is a constant feature which can be observed 
on normal people as well as on patients with aortic regurgitation. It 
starts slightly before the rise of the volume curve of the pulse, and lasts 
during the ascending phase and slightly after the top. The first fact, 
is due to eddies formed during the cessation of collapse of the artery 
which is closed by the compression (Fig. 2.-1). 

The aspect of this murmur changes, depending upon the kind of micro- 
phone employed. It starts with a -sudden multiple vibration, represent- 
ing a snap, just, before the dilatation of the artery. This is best, recorded 
by a stethoscopic microphone. Then many multiple and high-pitched 
vibrations occur, which are best, recorded by a logarithmic microphone 
(Fig. 2 II and C). When the pulse wave has either a rounded ascending 
phase or an anacrotic depression, the first murmur lasts until the second 
top and slightly beyond it. In such eases a double murmur in the first 
phase is not unusual. When, on the contrary, the pulse wave rises ab- 
ruptly and is followed by a rapid descent, the murmur lasts well beyond 


, 5 V 1 !' Hospital, the Boston City Hospital. atul the Medfleld State Hos- 

pital. I wish to express my gratitude to Dr. JI. I,. Hluiwtart and Dr M n Altscliiile 
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the top. The average length of this murmur is 0.12 second. The max- 
imal length was 0.20 second. • 

Records taken with the microphone of the blood pressure recording 
set showed a series of vibrations of a lower frequency, representing a 
yerj lough muimur. In general, the brachial shows a rougher murmur 
and slower vibrations than the femoral artery (Fig. 4). 





Pig. 2. — Femoral sounds and femoral pulse at the groin in different patients. The 
pulse is recorded at the site of compression. A, usual (stethoseopic) microphone; B, C, 
D, and E, special (logarithmic) microphone. A, Mitral and aortic regurgitation; B, 
syphilitic aortic regurgitation; C, double aortic defect ; D , normal student after in- 
jection of 1 mg. of adrenalin; E, electrocardiogram and femoral sounds in a case of 

The femoral sounds were recorded by means of a 
lightly above a cuff compressing the lower part of 


sypnuuic aortic regurgitation, 
logarithmic microphone, applied 
the thigh. 


2. Aspects of the Second Murmur . — The aspect of the second murmur 
depends upon the microphone used. A stethoseopic microphone often 
shows a large and slow deflection, on which more frequent vibrations are 
superimposed (Fig. 2 A). Marked individual variations were found. 
The murmur may be very short, consisting of only 5 to 6 quick vibrations, 
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Fig. 3. — Femoral sounds at the groin and dorsalis pedis pulse in two cases of double 

aortic defect. 



. Fig. 4. — Brachial sounds and pulse recorded by means of the blood pressure record- 
ing set (like Fig. 1C. but inverted). A, Syphilitic aortic regurgitation (blood pressure 
160/50; recording cuff, 30; compression, 140). B, Hypertension, no aortic regurgitation 
(blood pressure 165/80; recording cuff, 40; compression, 145). C, Normal student (after 
adrenalin, blood pressure, 140/60 ; recording cuff, 40; compression, 120). In all three 
the second murmur is represented in the records by a snap. At the femoral there was 
a double murmur. 
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and lasting 0.06 second. It may be much longer, lasting even 0.14 sec- 
ond. The murmur is usually shorter in the brachial and longer in the 
femoral artery. It may be represented only by a single or double 
vibration. In that case we should call it a snap, or a tone, not a real 
murmur. Tones are more frequently found in the brachial than in the 
femoral artery (Fig. 4). 

3. Phase of the Second Murmur . — The second murmur in the femoral 
artery occurs some time after the second heart sound. In one case in 
which an exact measurement was made, a delay of 0.12 second from 
the beginning of the second aortic sound was found. In this ease the 
second arterial murmur occurred when the maximal amplitude of the 
aortic diastolic murmur had already subsided. The comparative study 
was suggested by the desire to ascertain the exact relationship between 
second femoral murmur and phase of regurgitation, as evidenced by the 
diastolic murmur over the aortic area. 

The second murmur in the arteries has a definite relationship to the 
shape and phase of the arterial pulse at the point of observation. When 
no appreciable dicrotic wave was present in our records, and the pulse 
showed only an ascending and a descending phase, the second murmur 
occurred at the time of the lowest point of the descending phase. When 
a clearly defined dicrotic wave was present, the second murmur occurred 
at the bottom of the depression preceding the dicrotic wave. This oc- 
curred constantly, in the brachial as well as the femoral artery. When, 
instead of the murmur, there was a snap or tone, this also coincided 
with the depression preceding the dicrotic wave (Fig. 4). Sometimes, 
however, this coincided with the descending phase of the main wave. 
When the murmur or tone was present in patients without aortic regur- 
gitation, the same time relationship and the same connection with the 
phase of the pulse was found. When the murmur was a prolonged one, 
it lasted during part of the ascending phase of the dicrotic wave. 

Simultaneous registration of the sounds in the femoral artery, and 
the pulse curve in the dorsalis pedis artery of the same side showed 
that the second murmur falls during the descending phase of that 
peripheral pulse, and sometimes is very near the peak of the pulse wave 
in that distant artery (Fig. 3). 

A careful study which was made in order to ascertain whether any 
abnormal depression of the pulse curve coincided with the second .mur- 
mur failed to reveal any.* This murmur is always present during the 
predicrotic depression. In one record, taken on the brachial artery, on 
the contrary, a small additional wave was found in the pulse curve at 
the time of the second murmur and during the predicrotic depression. 
This could be attributed, however, to an artifact. 

A Pressure Necessary to Cause the Second Murmur . — It is apparent 
that n o exact evaluation of the compression is possible when this is 

*§j nce . th® second murmur was attributed to abnormal pressure conditions caused 
T T1 ?, e stethoscope, theoretically it would be possible to observe an abnormal de- 
formity of the pulse curve. 
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effected directly, either by the stethoscope or by the microphone. On 
the contrary, it was possible to ascertain it by the following device. A 
double pneumatic cuff was applied to the thigh, the lower part of which 
exerted a known pressure. The upper part recorded pulse wave and 
arterial murmurs under a very low inflation pressure (20 mm. Tig). 
This device was also found best for recording the double murmur (see 
later). 

Studying the records at gradually increasing pressures shows that the 
second murmur starts approximately at a compression midway between 
systolic and diastolic pressure. The second murmur increases in loud- 
ness until the compression is 25 per cent lower than the systolic, and 
then decreases again. Complete obliteration of the peripheral tract of 
the artery causes disappearance of the murmur. The optimum compres- 
sion seems to be, therefore, about three-fourths of the way up from the 
diastolic to the systolic. For instance, in patients with a pressure of 
200/60, the murmur starts around 130, increases up to 165, and becomes 
fainter above that figure. 

In most of the cases, the compression causing the murmur was also 
the best for obtaining a good pulse tracing in all its details. As is 
known, a good pulse curve is obtained with the oscillographs when the 
artery is compressed above the average arithmetic pressure and below 
the systolic. As confirmation of this, patients with a good dicrotic 
wave showed the maximum height of this wave with the amount of com- 
pression which gave the best intensity of the second murmur. This 
was true for the brachial, as well as for the femoral artery, and was 
also true in patients who had the second murmur, but no aortic regurgi- 
tation. 

5. Conditions Favoring the Appearance of the Second Murmur. — Com- 
parison of the stethoscopic records taken above and those taken below 
the compression of a pneumatic cuff shows how the obstacle may in- 
fluence the murmur. In patients with aortic regurgitation the murmur 
was always clearer and better in the microphone above, than in that be- 
low, the compression (Fig. 5). It was not unusual to see and hear a 
double murmur above, and a simple sound (equivalent to the first mur- 
mur) below, the compression. Patients without aortic regurgitation 
showed exactly the same behavior. 

A rapid peripheral circulation and a high pulse pressure were the 
conditions under which the second murmur was found, even without 
aortic regurgitation. The pulse curve above the compression showed an 
increased dicrotic wave, and that below the compression showed none. 
Records taken above a compression, but at different distances from it, 
showed that the murmur starts about 10 inches above a compression 
cuff, but becomes louder and louder until the immediate vicinity of the 
cuff is reached. 

6. Transmission of the Murmur and Direction of the Blood Flow 
Causing It. — In all records taken on the femoral artery by means of 
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two microphones, the first murmur was recorded slightly later with the 
second microphone than with the first. The delay of 0.02 to 0 04 second 

was simply the time necessary for the pulse wave to reach the second 
microphone. 



Pie. 5. — Double murmur recorded at the thigh by means of the blood pressure 
recording set (like Fig. 1C. but inverted). A, Records above the compression; B, records 
below the compression; (blood pressure, thigh, 250/80 ; recording cuff, 20; compression, 


Iii practically all femoral records 1 he second murmur also occurs later 
on the second microphone (Fig. 6). The delay between appearance on 
the first and second microphones varies from 0.02 to 0.04 second. The 
different distance between the two microphones and the different speed 
of the pulse wave in different patients explain the different results ob- 
tained. The delay between the two second murmurs is sometimes 
equal to that between the two first murmurs, but is usually slightly 
longer. The records taken oil the arm did not give such definite results; 
in most of them both murmurs were simultaneous. Only in a few of 
them was a minimal delay present, and then in the same sense as in the 
thigh. However, even in the arm, no precession of the second muimur 
was ever recorded in the upper microphone. 

DISCUSSION 

Our study gives exact data about the second murmur of Duroziez’s 
sign. This murmur is actually linked to a definite phase of the pu se 
wave, for it occurs between the main wave and the dicrotic wave. Con- 
ditions for its occurrence are, first, a high pulse pressure, and, second, 
a high dicrotic wave. Every condition which increases the previous two 
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will cither cause the appearance, or increase the intensity, of the second 
murmur. Compression of the artery at a level between average pres- 
sure and systolic pressure increases the height ol the dicrotic wave at the 
seat of compression and above it, and decreases the dicrotic wave be- 
low it. The same compression causes appearance of the second murmur 
at the seat of compression and above it, but does not. cause any murmur 
below it. 




, Fiff - - G ,T7 D ? lay bet 'Y ccr t tbe nrst nnd scconi1 murmur, shown bv placing two micro- 
phones 10 inches apart. A, Upper microphone over the croin ( compression 1 • n lnwm- 

wI! OPh £ ne , lisI . ,l ! y appll 7 ) ovt T f'ish; ;« coinfa^on cuft' is' armlie^ betow the 
cnee. The low ei microphone does not record any murmur when no comnrMsirm to 
applied on the upper microphone (Fit?. 1A). completion is 
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This is true in patients both with and without aortic regurgitation.' 
Diugs which stimulate the circulation and increase the pulse pressure 
may cause the appearance of the second murmur in normal persons. 
There is a general unity of view in admitting that both murmurs of 
Duroziez’s sip are caused by eddies in the blood stream. Since “fluid” 
murmurs radiate in the direction of the blood stream which causes them, 
the time of appearance of the murmur at different points along the 
femoral artery should give a clue about direction of the blood flow 
during the murmur. As a matter of fact, our records show that the 
second murmur occurs slightly later in a more peripheral part of the 
artery than in a more central. This is evidence that the blood flow is 
centrifugal at the time of the murmur. 
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Pig-. 7. — Sketch of the changes of the pulse curve and of the arterial sounds in 
passing under a compression. A, Above the compression ; B, at the seat of compres- 
sion ; U. below the compression. The direction of the blood flow is from right to left. 

The delay between the vibrations of the second murmur when it is 
recorded at different points along the same artery is often slightly longer 
than that between the vibrations of the first murmur. This fact points 
to a slower speed of the stream during the second murmur, in contrast 
with that during the first. 

A definite explanation of the phenomenon cannot avoid taking into 
account the nature of the dicrotic wave. When ventricular systole ends, 
and pressure eddies cause closure of the aortic valve, a rebound of the 
aortic wall forces the blood centrally as well as toward the periphery. 
In aortic insufficiency this rebound is much greater, and enables the 
pulse wave to follow its peripheral course in spite of regurgitation of 
blood which probably affects directly only the initial part of the arterial 
tree. 

Under normal conditions the swing of the blood column towards the 
heart sets up a negative wave which travels toward the periphery behin 
the main wave, and is represented by the predierotic notch of the pu se 
curve. In patients with aortic regurgitation there is no leason foi a 
mitting any other mechanism. In spite of the valvular incompetence, 
the aortic valves still represent an obstacle, and this is inci eased j t e 
muscular tonus of the infundibular part of the left ventricle. . Reeor s 
taken on different arteries of patients with aortic regurgitation show 



liUlSADA : 


SIGNS IN AORTIC INSUFFICIENCY 


733 


that the predierotie notch occurs later in peripheral than in central ar- 
teries. This shows that the negative wave has a centrifugal course. 
After closure of the aortic valves the blood column rebounds abruptly 
from their surface and sets up a second positive wave which will follow 
the predierotie notch toward the periphery. Here, also, there is no 
fundamental difference between patients with aortic insufficiency and 
other’s. The initial phenomena arc further influenced by the action of 
the peripheral arteries, which deepens the predierotie notch and rounds 
out the dicrotic wave. 

The speed of both the predierotie notch and the dicrotic wave is 
slightly less than that of the main wave, and this is true also of patients 
with aortic insufficiency, as demonstrated by records of sundry authors 


and our own. 

In these patients we have, therefore, a double centrifugal wave, in- 
terrupted by a short phase in which the blood has lower pressure and 
lower speed, in spite of its centrifugal direction. The compression ex- 
erted by the stethoscope does not fundamentally affect these facts except 
as follows: in the proximal section the obstacle increases the height of 
the main wave, the depth of the predierotie notch, and the height of the 
dicrotic wave; in the distal section, on the contrary, only the main wave 
is still present, for the dicrotic wave has been flattened. In other words, 
the optimal pressure to cause the second murmur is that which allows 
free passage to the top of the main wave, but blocks the flow of blood 
during the predierotie notch. "When the dicrotic wave meets the ob- 
stacle, it rises in height, and then filters gradually below it, and loses 
its individuality. When the blood at the level of the dicrotic wave meets 
the conical end of the artery above the compression, it forms eddies, and 
a murmur arises. As this blood filters gradually under the compression, 
the individuality of the wave is lost. No real murmur is recorded in a 
more peripheral section if the compression is extended over a long 
stretch. This explanation is confirmed by the fact that, when the main 
wave has a double top, separated by a depression (anacrotism), a double 
murmur occurs in the first phase, followed by a later murmur in the 
second phase. Complex polyerotic pulse waves sometimes produce a 
complex stethogram, with more short murmurs in the second phase. 

Complete distal occlusion of the artery would prevent a centrifugal 
course of the main wave. This wave would still cause a first murmur 
under the stethoscope. After it, however, a slow backward flow, meet- 
ing more and more blood arriving from the center, would cause turbu- 
lent eddies, but no definite flow and no second murmur. 

We shall now discuss the affirmed fact that the second murmur is in- 
creased by a distal compression, and that the first murmur is increased 
by a proximal one. As a matter of fact, only the first part is true, 
because the first murmur is increased by either a proximal or a distal 
compression. The reason is simple. The first murmur is caused by a 
large pulse wave, the main wave. Even passing under a compression, 
the blood flow is not markedly decreased, so that it is still able to cause 
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eddies after the obstacle. On the contrary, the second murmur is caused 
by the dicrotic wave, which is smaller and less sharp. As it meets the 
obstacle it becomes flat and nearly disappears, so that no appreciable 
eddies are formed after the obstacle. 

The explanation of Pasoli , 10 who attributed the second murmur to 
arterial contraction, cannot be either proved or disproved here. If a 
tonic reaction occurs in- the peripheral arteries and moves toward the 
periphery following the dilatation caused by the main wave (Hurthle , 8 
Mares , 14 Boncato , 19 Luisada 10 - “• 13 ), this is likely to occur in the phase 
of the predicrotic notch. The peripheral progression of this reaction 
would increase the height of the dicrotic wave. Every obstacle causing 
a higher main wave, a deeper predicrotic notch, and a rise of the dicrotic 
wave would be accompanied by a stronger tonic reaction. Therefore, the 
second murmur of Duroziez can be explained by the theory of peripheral 
arterial contraction, but also in a much simpler way, as shown above. 

The explanation of the second murmur in patients without aortic in- 
sufficiency is similar to that now advocated for patients with aortic in- 
sufficiency. The reason why Duroziez ’s sign is much more frequent in 
patients with aortic insufficiency than in others is very simple, and has 
already been advanced for many other arterial signs of aortic regurgita- 
tion. 

High pulse pressure and high centrifugal speed of the pulse wave are 
found in the following conditions : (a) aortic regurgitation ; (b) aortitis 
and atherosclerosis of the aorta without incompetence of the aortic valve; 
(c) hypertension; (d) hyperthyroidism; (e) fever. In most of these 
patients there is also a high dicrotic wave, in spite of the traditional 
belief that the dicrotic wave is very small in patients with aortic regurgi- 
tation. As a matter of fact, the point is that the rapid collapse of the 
arterial wall makes an exact record of the dicrotic wave more difficult 
to obtain in such patients. High speed and a high dicrotic wave also 
occur in cases of anemia. 

The same categories of patients show Duroziez ’s sign in a decreasing 
order of frequency. Drugs which increase the pulse pressure and the 
tonic reaction of the arteries, like adrenalin, may cause the appeal ance 
of the double murmur in normal people. 

In conclusion, the second murmur is caused by a centrifugal flou 
of blood, that of the dicrotic wave, which meets an obstacle and slowly 
passes below it. The old idea of Toussaint and Colrat 21 is, therefore, 
confirmed. The theory of backward flow is disproved by the follov 
facts : 

a. No deformity of the normal pulse curve is caused by the obstacle 
in the section where the murmur arises. 

b. No deformity of the pulse curve is caused by the obstacle m the 

distant parts of the arterial tree.. . , , 

c. No distal precession of the murmur is found when it is recorded 

simultaneously in two sections of the same artery. 
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The second murmur is often replaced, on records, by a sound, snap, or 
tone. This has exactly the same phase in comparison with the pulse 
wave as the second murmur. The mechanism of its production is similar 
to that of the second murmur, but not identical. The dicrotic wave meets 
with a section of artery which is completely occluded, and causes a snap 
of the wall. However, this cannot be the explanation of the sign of 
Traube. The double sound described by him occurs only rarely, and only 
when a slight compression of the stethoscope is exerted. The explana- 
tion of Traube, namely, that of a double snapping of the arterial wall 
suddenly dilating and suddenly collapsing, seems logical and still valid. 

SUMMARY 

1. A graphic study was made of the double murmur of Duroziez. 
Phonoarteriograms, electrospliygmograms, and other tracings were re- 
corded on patients witlx aortic insufficiency and on others who had the 
clinical sign of a double arterial murmur upon compression. 

2. The exact phase of occurrence' of the second murmur has been 
ascertained. This is at the time of the predi erotic notch. 

3. The best external pressure for the appearance of the second murmur 
has been studied. This is about three-fourths of the pulse pressure above 
the diastolic pressure, and coincides approximately with the level of 
the depression preceding the dicrotic wave. 

4. The second murmur also occurs without compression at a certain 
point if compression similar to that reported above is made on a more 
distal section of the artery. 

5. The obstacle presented either by the stethoscope bell or by a pneu- 
matic cuff causes different changes above and below. Above the obstacle 
the predicrotic notch becomes deeper and the dicrotic wave becomes 
higher. Below the obstacle the dicrotic wave is more flattened, and 
may disappear. Above the obstacle the second murmur is sharp 
and distinct. Below the obstacle the murmur is either indistinct, or is 
represented by a dull snap, or is missing. This was true in patients 
both with and without aortic insufficiency. 

6. The pulse tracing fails to reveal any abnormal deformity at the 
site of appearance of the second murmur. Also no deformity is found 
in the more peripheral pulse, in spite of the fact that the phase of ap- 
pearance of the second murmur is often near the top of the main wave 
in the dorsalis pedis artery. 

7. - Simultaneous stethographic records at two points on the same 
artery fail to show an earlier appearance of the second murmur in the 
moie distal section. As a matter of fact, they show a later appearance 
in that section, which demonstrates a peripheral blood flow during the 
occurrence of the second murmur. 

8. Drugs which stimulate. the circulation may cause the appearance of 
the double murmur of Duroziez in normal persons. 
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9. For all of the preceding reasons, a backward flow of blood during 
the second arterial murmur is denied, and a forward flow is admitted 
The conditions of appearance are discussed, and a common explana- 
tion of the mechanism is furnished for both patients with and without 
aortic insufficiency. 

10. The mechanism by which the sign of Traube is produced is further 
discussed. 


5. 

6 . 

7. 

8 . 

9. 

10 . 

11 . 

12 . 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20 . 

21 . 

22 . 

23. 

24. 

25. 

26. 

27. 
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A FREQUENT OBSTRUCTIVE ANOMALY OF THE MOUTH OF 
THE LEFT COMMON ILIAC VEIN 

William E. Ehrich, M.D., and Edward B. Krumbhaar, M.D. 

Philadelphia, Pa. 


W HEN performing an autopsy, one of the last acts of the pathologist 
is to open and inspect the inferior vena cava and its tributaries. 
He first opens the right common iliac vein and then approaches Ihe left. 
Although the right is usually easily opened, the left at times is difficult 
to enter, not only because of its position behind the origin of the right 
iliac artery, but because, as we have found, the mouth of the left common 
iliac vein is frequently obstructed by fibrous thickenings and adhesions. 
Since this anomaly is not generally known, but seems to be important in 
regard to thrombosis of the lower extremities, which is known to occur 
more frequently in the left than in the right leg, a study has been made, 
on unselected material, of the structure of the inferior vena cava and 
its bifurcation into the two common iliac veins. 

Literature . — The literature on the pathology of the inferior vena cava 
and its tributaries deals chiefly with malformations resulting from im- 
proper formation or obliteration of the posterior and supraeardinal 
veins. Obstruction of the mouth of the left common iliac vein seems 
to have been described only by McMurrich, 1 ’ 2 in 1906. If this observa- 
tion remained unrecognized, it was probably because of the fact that 
the description was published only in abstract form. 

In his second, more detailed, abstract, McMurrich states that he found 
an obstruction in 30 per cent of fifty-seven cases, and, with one exception, 
the lesion was in the left vein. There were three general types of ob- 
struction, namely: (1) “A narrow thickening at the lateral border of 
the vein”; (2) a triangular adhesion at the lateral border of the vein, 
the base corresponding to the border, and the apex projecting toward 
the lumen; and (3) a columnar adhesion dividing the lumen into two 
portions and “occurring anywhere from the center of the lumen of the 
vein to within a millimeter or so of its lateral border.” In one case 
an obstruction was observed in the right common iliac vein, and the 
lumen was double for a considerable portion of its course. 

Considering the cause of the obstruction, McMurrich expressed the 
view that it seemed probable that it was a persistence of an embryonic 
condition. However, the relation of the lesions found to the ages of the 
subjects was not considered. As to the significance of the condition, he 
pointed to the fact that thrombosis of the iliac vein is much more fre- 
quent on the left than on the right side, and concluded “that in this ad- 
hesion may be found one of the contributory causes of the thrombosis. ’ ’ 


<™iiT ro?11 the department o£ Pathology of the Medical School. University of Penn- 
sylvania, and the Laboratories of the Philadelphia General Hospital. 3 
Received for publication Nov. 14, 1943, 
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MATERIAL 

After happening upon an obstructive lesion of the orifice of the left 
iliac vein (Autopsy 40789, Philadelphia General Hospital), and shortly 
after observing six additional eases among twenty-seven consecutive 
autopsies performed by the senior author, we undertook a systematic 
study of normal and obstructed iliac veins at various ages. 

The veins were largely collected from the Philadelphia General Hos- 
pital but also from the Departments of Anatomy (Dr. Batson) and 
Pathology of the University of Pennsylvania. Included in this series 
was a case of situs inversus of the lower vena cava (Autopsy 41870, 
Philadelphia General Hospital), and eleven adult cases which were used 
for microscopic study only. 

The total number of veins studied by us amounted to 412. Of these, 
264 were from adults, 23 from adolescents 10 to 20 years of age, 28 from 
children 1 to 9 years of age, and 97 from stillborn babies and infants 
ranging from 21 cm. in length (vertex to coccyx) to 10 months of age. 

OBSERVATIONS 


Of the 399 of these 412 veins that were suitable for statistical analysis, 
282 (70.5 per cent) had an essentially normal appearance, 95 (23.S per- 
cent) showed definite obstructive anomalies, 16 (4.0 per cent) were pos- 
sibly slightly obstructed, and 7 (1.8 per cent) presented some other 
changes. 

Normal Appearance of the Opening of the Left Common Iliac Vein 
Into the Vena Cava— Of 261 essentially normal veins which were stud- 
ied by us in detail, 215 showed a valve at the lower pole of the mouth 
(Fig. 1). In the remaining 46 veins the valve was lacking; its absence 
was observed in: 


0 of 79 stillborn babies and small infants 
6 of 35 children from 1 to 16 years of age 
6 of 51 adults from 19 to 49 years of age 
18 of 63 adults from 50 to 69 years of age 
16 of 33 adults from 70 to 90 years of age 


( 0 per cent) 
(17.1 per cent) 
(11.7 per cent) 
(28.6 per cent) 
(48.5 per cent) 


46 


A similar age distribution was found among 118 cases in which there 
were obstructive lesions, possible obstructive lesions, and othei c ian & es 
In these cases, the valve was absent in 44 : 


1 of 18 stillborn babies and small infants 
3 of 14 children from 1 to 16 years of age 

13 of 33 adults from 19 to 49 years of age 

15 of 36 adults from 50 to 69 years of age 

12 of 17 adults from 70 to 90 years of age 


( 5.5 per cent) 
(21.4 per cent) 
(39.3 per cent) 
(41.7 per cent) 
(70.6 per cent) 


44 
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Textbooks of anatomy and pathology rarely give information about a 
valve at this point ; some say that there is none, and others that it may 
sometimes be found. Our figures can be taken only to indicate that there 
is normally a valve at the mouth of the left common iliac vein, and that 
it is “worn off” in many persons with advancing age, and presumably 
worn down in still more. Now, if this valve is worn down, there is good 
reason to believe that other valves, such as those of the femoral veins, 
may also be worn down. This is significant in regard to the cause of 
varices of the lower extremities, which are often explained as a result of 
venous valvular insufficiency. 



Fig. 1. — Normal opening of left common iliac vein into the inferior vena cava, with 
valve at lower pole (a). A, Anteroposterior view; B and G, lateral view (after open- 
ing inferior cava and right iliac vein) towards mouth of left common iliac. 

The “Width” of the Orifice of the Left Common Iliac Vein . — This was 
ascertained by measuring the length of the longest axis; the orifice was 
held open by a pair of compasses without more traction than that re- 
quired to get a smooth surface. This measurement was found to rise 
from about 2.5 mm. in the fetus measuring 21 cm. from vertex to coccyx, 
to about 7 mm. in stillborn babies measuring 40 cm. (Pig. 2 A). After 
birth, it rose at first rapidly and later more slowly, to 20 mm. at about 
15 years of age, .and 24 mm. during the seventh decade. Thereafter it 
declined again (Pig. 25). The fact that four infants from 1 to 2 l/ 2 
months of age showed a considerably smaller width than, others of their 
age is obviously due to premature birth of these babies. This could be 
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confirmed in the case of one infant, V/ 2 months of age, which was only 
30 cm. long (vertex to coccyx), for this is the length of the fetus in the 
eighth intrauterine month. 

It may be mentioned here that there were no differences in the width 
of the mouth of the left common iliac vein or in the frequency of absence 
of the valve in relation to the subject’s color or sex. 
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fifth from left). Group IV included adhesions at the lower pole of the 
mouth, showing a tendency to extend behind the valve (Figs. 3. IV and 
4, IV) ; and Group V included miscellaneous lesions, most of which were 
characterized' by multiple irregular bands (Fig. 4, V ) ; one showed such 
an extensive obliteration of the orifice that at no place could a probe be 
inserted, and water filtered through very slowly (Fig. 5, ] }). Yet. just 
below the orifice the vein was patent and smooth-walled (diameter, S 
mm.). Some showed remnants of thrombotic material (Fig. 4. Vx). In 
one case, finally, a combination of Groups II and III was observed 
(Fig. 3, VI). 

Of our obstructions, 3S belonged to Group I, 23 to Group II, 12 to 
Group III, 9 to Group IV, and 13 to Group Y (Table I). The upper 
pole of the opening thus appears to be the seat of obstructions more fre- 
quently than the lower pole. 

Table I 


Frequency of the Various Obstructive Lesions, With Frequency of Absf.xcf, 

of Valve 


TYPE OF OBSTRUC- 
TION GROUP 

WITH VALVE 

WITHOUT VALVE 

TOTAL 

I 

IS 

20 

38 

II 

32 

13 

23 

III 

6 

6 

32 

IV 

S 

1 

<) 

V 

5 

8 

33 


The width of the lumen of the left common iliac vein immediately 
below the obstructions of the orifice was not materially altered by their 
presence, except in Autopsies 41397 and 417.9 S, in which orifice and 
lumen were so narrow that a. probe measuring 2 mm. in diameter could 
be forced through only with difficulty (Fig. 4, Vy). It can be assumed 
that this observation depends on such factors as the age at which the 
lesion became obstructive and the nature of the collateral circulation 
that developed. 

There was no persistence of a left posterior cardinal vein oi supi a- 
cardinal vein in any of the cases in which this possibility vas 1,1 
vestigated. 

As to the valve at the lower pole of the opening, 1 able I indicated that 
it was missing in 4S per cent to 58 per cent ol the cases in all gioups ex 
cept Group IV, in which it was absent in only 11 per cent. The irc- 
quent absence of the valve in the presence of obstructions seems to >e 
well explained by the greater stress and strain to which such, a valve is 
exposed, and, in extreme cases, to obliteration oi the vahe U t ic 
sclerotic process. As to the less frequent absence of the Aahe in uoup 
IV, aside from the small number of cases in this group, the exp.anaiion 
may be due, not to the youth of the persons involved, for the average 
age of this group amounted to over 60 years, but to the fact that ic 
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Fig. 4. — Various obstructions of the mouth of the left common iliac vein as seen 
in the lateral view. Nos. I to V refer to the various groups of obstructions as de- 
scribed in the text. 
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obstructing lesion in Group IV stands in the way of the bloodstream, 
which exerts stress and strain on the valve; that is to say, the valve is 
protected by the lesion. That this may be the correct explanation seems 
to be borne out by the fact that absence of the valve in this group oc- 
curred even less often than in our normal subjects of similar age (see 
figures in paragraph on the normal appearance) . 

Histology . — The microscopic appearance of our lesion seemed to be 
the same in most cases. There was a great deal of elastic tissue, and 
some collagenous tissue; smooth muscle cells were also present. On the 
other hand, inflammatory cell infiltrations were not observed, nor was 
the irregular arrangement of sear tissue found. 



A. B. 

Pig. 5. — -A, Obstruction oC the mouth of the left common iliac vein in a newborn 
baby measuring 31 cms. in length (Group III, No. 9). B, Obstruction so great that 
probe could not be inserted and water barely filtered through (male, 9 years of age, 
University of Pennsylvania Hospital, Autopsy '43 — 318). 

The Age Distribution of the Obstructing Lesion . — After the first dec- 
ade, the obstructing lesion was found in 33.8 per cent of all our cases 
(Table II). There was no significant difference in incidence of obstruc- 
tion between any of these age groups after the first decade, and there 
was no significant age difference in the relative frequency of the ob- 
structions analyzed according to groups. Among our stillborn babies 
and children up to 10 years of age, we found only six cases (4.7 per cent) 
of definite obstructions. These belonged to Groups I, II, III (Pig. 5), 
and IV. However, in this group of stillborn babies and children up to 
10 years of age, sixteen possible obstructions were observed at the upper 
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pole of the orifice; the entries in the protocols read: “Probably adhesion 
at upper pole,” “fold at upper pole resembling adhesion,” etc. If we 
add these to our number, the frequency in stillborn babies and infants 
up to 10 months rises to 17 per cent, and that of children from 1 to 10 
\ears, to 26.3 per cent. These small, delicate vessels must be seen to 
realize the difficulty in making correct decisions as to the presence or 
absence of obstruction. . 

Other Anomalies. Changes other than obstructive lesions which were 
observed among our cases were: (1) An unusually large valve with a 
perforation at its lower pole (Autopsy 41810, 43 years, female, Negro; 
Autopsy 42101, 67 years, male, white) ; (-2) low position of the valve 
(Autopsy 16, body 24 cm. long, anencephalus) ; (3) an unusually low 
bifurcation with absence of the valve (Autopsy 42580, 2 years, male, 
Negro) ; (4) absence of the common portion of the left common iliac 
vein, with two mouths at the bifurcation (Autopsy 12, body 30 cm. 
long); (5) complete fibrous obstruction of the lower section of the in- 
ferior vena cava between its bifurcation and the mouths of the renal 
veins, with the posterior rami of the lumbar veins markedly distended, 
compensatorily (Autopsy 46217, 68 years, female, white) ; (6) adhesions 
in the right common iliac vein as a part of an organizing thrombus 
(Autopsy 41561, 49 years, female, Negro) ; and (7) situs inversus of 
the lower vena cava (Autopsy 41870, 66 years, male, white). 

Although the anomalies listed here under numbers 1 to 5 do not ap- 
pear to have received attention, both numbers 6 and 7 have been pre- 
viously recorded. Adhesions in the right common iliac vein were seen 
once by McMurrich, 1 ’ 2 and situs inversus of the lower vena cava has 
been observed by a good many authors. Zumstein 3 found situs inversus 
in 0.45 per cent of his cases, and Seib, u in 0.56 per cent (for liter- 
ature see Maxwell and Erwin 4 and Scilr’). 

DISCUSSION 

If we compare our observations with those of McMurrich, we find 
conformity as far as the frequency of the obstructions is concerned. 
Whereas McMurrich 2 observed a frequency of 28 per cent (in 57 cases), 
we found an incidence of 4 per cent to 17 per cent in babies up to 10 
months of age; 9.7 per cent to 26 per cent in children from 1 to 8 yeais, 
and 33.6 per cent in all age groups beyond 10 years. (N. B. The wi e 
range given in the younger groups is influenced hv the laige peisona 
factor which enters into the decision when the veins are very small and 
flexible.) As to the morphology of the obstructions, our Group I cor- 
responded to McMurrich ’s Types 1 and 2, and his Type 3 embraced our 
Groups II and III. Our Groups IV and V were not described by 
McMurrich. 

Concerning the. pathogenesis of the obstructions, McMurrich ; s idea 1 
that they are probably the result of defective embryonic development 




A. B- 

Fig. g, — R ecent obstructions oC the upper pole of the mouth of the left common ilinc 
vein In children 10 and 13 years old (Autopsies -13SS1 and 105G). 



Fig. 7.— -Thrombosis of the left common Iliac vein in a case of obstruction of the 
greater portion of the mouth (Philadelphia General Hospital, Autopsy Il-lflS). 



748 


AMERICAN HEART JOURNAL 


is of interest in view of the closure of several segments, of the left 
cardinal vein and the union of the left iliac with the vena cava by 
means of a developing communicating branch. The view is not sup- 
ported, however, by our observations that only a few clearly developed 
obstructions are seen in the newborn and in children up to 10 years, 
whereas adhesions in statu nascendi were found in children as old as 10 or 
13 years (Fig. 6). Asa matter of fact, our observations seem to show that 
relatively few obstructions are formed during embryonic life, and that 
the great majority arise after birth. But since the frequency of adhesions 
in the second decade was as high as in the adult group, it may be con- 
cluded, with due regard to the small numbers available in the separate 
age groups, that most obstructions are acquired during development 
and growth, and that few, if any, are formed after the second decade. 

As to the cause of the obstructions, it should be noted that most were 
located at a point where the right iliac artery crosses and exerts pres- 
sure on the left iliac vein. It is conceivable that this pressure inter- 
feres with the proper development of its orifice or causes an injury 
resulting in organization and fibrosis. (It should be noted, in evaluating 
this factor, that the relative positions of the arterial and venous bifurca- 
tions may change with age, and may lie different during life from what 
they are on the autopsy table, according to the law that an elastic tube 
lengthens, as well as dilates, with increasing pressure.) That this pres- 
sure factor may be the correct explanation is further supported by the 
observation that no such obstructions have been found at the mouth of 
the left renal vein, the embryonic development of which from a segment 
of the left cardinal vein closely resembles that of the left common iliac; 
but here the aorta lies behind the vein. 

Some of our obstructions were found to be organized thrombi. These 
are included in our Group V, although in not all cases of this group was 
the obstruction the outcome of thrombosis. Obstructions as a result of 
organization of thrombi differ from other obstructions in that they 
lack a definite pattern, show great irregularity in the arrangement of the- 
individual bands of connective tissue, and show various transitions 
from early thrombosis to complete organization. In this group should 
be included, also, our only ease of right-sided obstruction, foi the 
thrombus which caused the proliferation of the connective tissue could 
still be identified. 

Considering the clinical significance of our observations, we wish to 
discuss briefly the occurrence of thrombi in the iliac veins. Thrombosis 
in this location was observed in nine of our adult cases. In seven cases 
we found involvement only of the left side (Fig. 7) ; whereas, in the 
two remaining cases, both sides were involved. Of the seven eases, m 
which there were thrombi in the left vein, there was partial obstruction 
of the orifice in four, and no obstruction in three. Since we have found 
that absence of this obstruction in adults is twice as common as its pres- 
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encc, it follows that, in our material, thrombosis of the left common 
iliac vein was more than twice as common in cases of obstruction than 
in those in which there was no obstruction. 

In order to study this matter in larger numbers, the records of 1,000 
consecutive recent autopsies at one of our hospitals were examined. In 
this series, pulmonary embolism was recorded 82 times. In these S2 
eases, iliac A'ein thrombi were found. 11 times. Furthermore, in 16 cases 
in which iliac vein thrombosis was recorded (in some of which there 
was no pulmonary embolism), the right common iliac vein was found to 
be affected 3 times; the left, S times; and both veins, 5 times. These 
figures show once more the preponderance of thrombosis in the left 
common iliac vein. 

SUMMARY 

This study of the opening of the left, common iliac vein into the in- 
ferior vena cava is based on the examination of 412 bodies: 97 stillborn 
babies and infants up to 10 months old, 2S children from 1 to 9 years 
of age, 23 adolescents from 10 to 19 years of age, and 264 adults up to 
90 years of age. 

The width of the opening first increased rapidly with increasing age, 
and later more slowly. The curve reached its peak during the seventh 
decade. 

A valve was found to be normally present in the newborn at the 
lower pole of the opening, but it appeared to be worn off in an ever 
greater percentage as age progressed, and more so in obstructed than 
in normal openings. This observation seems to be significant with re- 
gal'd to the cause of varices of the lower extremities, which have often 
been explained as a result of venous valvular insufficiency. 

Obstruction of the orifice in the 399 cases analyzed was observed in 
95 instances (23. S per cent), with a possibility of 16 more instances in 
the stillborn and infants. It was less common in children and babies 
(4.7 per cent), although, if the 16 doubtful eases are included, the per- 
centage rises to 17.3 per cent. In those over 10 years of age, it was 
found 89 times (33.8 per cent). It occurred with equal frequency in 
males and females, and in whites and Negroes. 

According to location and other criteria, the obstructions could be 
divided into five groups (Figs. 3 and 4). The most common site of 
obstruction was the upper pole of the orifice, where two-thirds of all 
obstructions were found. 

Concerning the pathogenesis of the obstructions, few, if any, were 
thought to be caused by faulty development, per se. They appeared 
to be acquired during .the growth period, rarely before birth, and rarely 
after adolescence. 
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As to the mechanism involved, it was observed that the obstructions 
occurred at a point where the right iliac artery crosses and exerts pres- 
sure on the vein. This pressure conceivably interferes with the proper 
development of the opening into the vena cava or causes an injury re- 
sulting in organization and fibrosis. In a small number of cases the ob- 
structions could be shown to be organized thrombi. 

The clinical significance of the obstructions is apparent from the 
greater frequency of thrombosis in the left than in the right leg. This 
preponderance could be confirmed in our material, as well as in an 
analysis of 1,000 consecutive autopsies from one of our hospitals. 
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DISSEMINATED 


ARTERIAL 1NT1MAL PROLIFERATION, 
WITH THROMBOSIS 


Report ok a Cask 

Kenneth C. Kkiie, M.D., and Gorton Ritchie, M.D. 

Racine, Wis. 

I N 1879, von Winiwarter 1 described a disease, of the peripheral arteries 
which he termed “endarteritis obliterans." Since that time a volu- 
minous literature on the subject of vascular occlusive diseases has 
accumulated, and various theories have developed concerning the path- 
ogenesis and essential nature of the lesion. In .1908, Buerger- criticized 
the term “endarteritis obliterans" and described a condition which he 
called thromboangiitis obliterans, outlining certain diagnostic criteria. 
Other authors, however, have since included under this name condi- 
tions which do not fulfill these criteria. It seems possible, therefore, 
that the term thromboangiitis obliterans has been used to denote more 
than one disease entity, and, consequently, the classification of vascular 
occlusive diseases has remained confused. 

The present case belongs somewhere in this category, but, because of 
certain clinical and pathologic features, it defies accurate classification. 


CASE REPORT 


M. M., a 27-year-old, white housewife, was seen in March, .1941, when 
she complained of the symptoms commonly associated with congestive 
myocardial failure, namely, dyspnea, orthopnea, cough, hemoptysis, 
palpitation, tachycardia, pain in the chest, and edema. The onset of 
the present illness had been insidious, and much of the history prior 
to the first visit was obscure, except that she had consulted several 
physicians without definite improvement in her condition. 

There was a history of diphtheria and a doubtful history of chorea 
during childhood. No history suggestive of rheumatic or scarlet fever 
could be obtained. 

She had had dyspnea, palpitation, tachycardia, and peripheral edema 
of such severity as to necessitate rest in bed for the first time, in May, 
1939, about two years before our first, visit, although she apparently 
had not been in good health for a considerable period prior to this 
incident. From that time until she was seen in March, 1941, the at- 
tacks of cardiac failure had recurred frequently, and had become more 
severe, more frequent, and more prolonged, in spite of all treatment. 
As the condition progressed, attacks of. pain in the chest, fever, cough, 
and hemoptysis had occurred, and Avere usually followed by an In- 
crease in the degree of heart failure. She said that the heartbeat had 
been ir regular at times. 

Racing AVis Dopartmont of Medicine an,l the Clinical Laboratory. St. Mary’s Hospital. 
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Severe abdominal pain, associated with fever, distension, and ob- 
stinate constipation, had occurred on several occasions before she came 
under our care. The pain was described as having been diffuse al- 
though m one instance it became localized in the left flank and left 
costovertebral region. A moderate leucocytosis was associated with 
this attack, but no significant urinary abnormalities were present at 
any time. Enemas and opiates afforded only moderate relief. Roent- 
genologic studies of- the stomach and bowel at a later date revealed 
no evidence of disease, but a chest roentgenogram at that time was 
said to have shown cardiac enlargement, with a mitral contour. 


On Feb. 21, 1941, during a period of hospitalization, she suddenly 
became very apprehensive and confused. At that time she gave evi- 
dence of difficulty in swallowing and talking, and complained of 
numbness of the left side of the face and body. The examiner noted 
muscular weakness of the left side of the face, left arm, and left leg. 
The information concerning this incident is incomplete, but, within 
thirty minutes, sensation had begun to return, and no evidence of 
residual weakness could be detected a few hours later. 

The initial examination revealed a very apprehensive and restless 
white woman, with marked dyspnea and orthopnea. The skin was 
pale and the mucous membranes were cyanotic. The neck veins were 
distended and showed forceful pulsations. There was puffiness about 
the eyes. Rfiles were heard throughout both lungs, and the percussion 
note was dull over both lung bases, with diminished breath and voice 
sounds in those areas. The heart was enlarged to the left. The rhythm 
was regular and the rate was 120 per minute. The pulmonic second 
sound was accentuated. No murmurs could be heard. The blood 
pressure was 132/104. The edge of the liver was felt three finger- 
breadths below the right costal margin in the midclavicular line. The 
abdomen was slightly distended, and there was dullness to percussion 
in the flanks. Pitting edema was present in the ankles and in the 
dependent portions of the legs and thighs. Urinalysis showed 1 plus 
albumin, occasional hyaline and granular casts, and occasional pus 
cells. 


She was placed on a restricted fluid and salt intake, and was fully 
digitalized with a Digitalis lanata preparation (Cedilanid, Sandoz), 
but failed to show much improvement. Large doses of ammonium 
chloride, followed by a mercurial diuretic, produced a good diuresis, 
and the edema and respiratory distress diminished considerably. . In 
spite of relatively large doses of digitalis and the use _ of sedatives 
throughout the day, the pulse rate remained rapid, ranging from 10 1 
to 130 per minute throughout the greater part of her illness. How- 
ever, with the use of ammonium chloride and the mercurial aiuietic, 
the respiratory distress was greatly relieved, and only minimal edema 
was present. At this time a soft systolic murmur was heard at the 
apex, but soon disappeared. This murmur was occasionally presen 
throughout the course of her illness. 

About three weeks after the initial examination, when the heart 
was well compensated, and shortly after an intravenous injection o 
the mercurial diuretic, she developed a severe pain m the lower, right 
side of the thorax. This was followed by a rise m temperature to 
101.6° F., cough, and hemoptysis. The dyspnea and cyanosis weie 
increased. Examination of the chest revealed a new area of dullness 
in the right base, with absent breath sounds and voice sounds m that 
area. The accentuation of the pulmonic second sound had increased. 
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This attack was followed very promptly by a return to a state of 
marked congestive failure. It was regarded as reasonably certain 
that pulmonary infarction had occurred. Similar incidents occurred 
quite frequently during the course of her illness, usually when t le 
cardiac failure had diminished. On each occasion the degree of 
increased markedly within a period of twenty-four hours aitei the 


onset of the pain. 

In July, 1941, she developed pain in the left leg, followed by a 
marked increase in the edema of that leg, with some pallor ox the s vin. 
Since the patient was at home and notification was delayed, she was 
not seen until about thirty-six hours after the onset. Examination 
showed tenderness over the great vessels in the groin, and also in the 
popliteal space. There was no evident temperature difference between 
the two legs, and the reflexes, muscular movements, and sensations 
did not appear altered. The edema was so marked that it was ques- 
tionable whether the dorsalis pedis and posterior tibial pulses were 
present. ' The femoral pulse was forceful in the groin, and, although 
of small volume, the popliteal pulse was present. The edema subsided 
gradually over a period of two weeks, and there was no evidence of 
muscular weakness or skin changes. The dorsalis pedis and posterior 
tibial pulses now were obviously present, but of small volume, and 
remained so throughout the course. It was thought that she had had 


thrombophlebitis. 


In August, 1941, there was another cerebral attack like that which 
had occurred on Feb. 22, 1941. The anxiety and confusion were so 
marked that the patient cooperated very poorly. Swallowing and 
talking were found to be difficult, but on this occasion there were no 
paresthesias. Examination revealed no evidence of cranial or other 
nerve disturbances, nor were any sensory changes detected. Again 
the incident was very transitory. 


About one month later, in September, 1941, an opportunity presented 
itself to observe her when she was suffering from the abdominal pain 
already described. The pain, which was very severe, was on this occa- 
sion located in both upper quadrants and did not radiate. It was 
associated with vomiting, marked gaseous distension, and obstinate 
constipation. The temperature was elevated to 99.4° F. on this oc- 
casion. No urinary symptoms could be elicited. The patient coop- 
erated poorly, but the entire upper part of the abdomen seemed tender. 
The liver was enlarged, but the kidneys* and spleen could not be felt, 
and no other masses could be made out. There was no definite flank 
or costovertebral tenderness. Urinalysis revealed 1 plus albumin, 
easts, and occasional leucocytes, but no erythrocytes. Opiates, ex- 
ternal heat, and enemas gave only moderate relief, but within a week 
the pain had disappeared. 

On Oct. 29, 1941, the abdominal pain recurred and became so severe 
that she consented to hospitalization, which she had refused persist- 
ently up to this time. The picture on this occasion was similar to that 
alieady desciibed. The site of the abdominal pain was variable with 
each attack, and occasionally varied from day to day during a par- 
ticular attack. Although never well localized, the pain most fre- 
quently occun ed in one or both upper quadrants, and on occasion 
radiated into the chest. 


Duiing hei hospitalization, repeated attacks of chest and abdominal 
pam occurred, at which times the temperature was usually elevated, 
occasionally rising to 102° F. The pulse rate varied from 90 to 130 
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per minute. At all times there was some evidence of cardiac failure 
although ammonium chloride, followed by large doses of mercurial 
diuretics intravenously, reduced the edema and respiratory embarrass- 
ment for short periods. At times during the course there was con- 
siclei able facial edema, and on two occasions marked anasarca de- 
veloped. By this time the heart had increased considerably in size and 
the accentuation of the pulmonic second sound had become much more 
marked. 

An electrocardiogram taken Nov. 3, 1941, revealed normal sinus 
rhythm, with a rate of 104 per minute. The P-R interval was pro- 
longed to 0.22 second. The QRS interval was 0.09 second. P„ was of 
0.12 second duration, and of greater voltage than QRS 2 . QRS was of 
low voltage and slurred in all leads. The first ventricular complex 
consisted of a' positive deflection alone in Lead I, and a barely per- 
ceptible positive deflection, followed by a negative deflection of 3 nun., 
in Lead Iff. QRS.. was of the 3.1-typc, and almost isoelectric. S-T : 
was very slightly depressed, and followed by an erect T, of very low 
voltage. T 2 was isoelectric. S-T ; , was isoelectric, and followed by an 
inverted T ;i of very low voltage. QRS., was diphasic. S-T, was ele- 
vated 2 mm., with an isoelectric T,. The negative deflection of QRS., 
was slurred. This record was felt to indicate extensive myocardial 
damage, with first degree A-Y block and probably a myocardial infarct. 

A roentgenogram of the chest taken Nov. 7, 1941, showed marked 
enlargement of the cardiac shadow, without any typical pathologic 
configuration. There were residual interstitial changes in the upper 
and lower portions of the right lung which were compatible with re- 
solving infarcts. 

Laboratory studies during her hospitalization gave the- following 
results: The blood Kahn reaction was negative. The hemoglobin was 
13 Gm„ the erythrocyte count, 3,930.000, and the leucocyte count, 
10,700; a differential leucocyte count showed 7 per cent stab forms, 
74 per cent segmented forms, 18 per cent lymphocytes, and 1 per cent 
monocytes. A blood smear showed polychromatophilia and occasional 
nucleated erythrocytes. Urinalysis showed a specific gravity from 
1.005 to 1.017, albumin from 0 to 4 plus, no sugar, no acetone, hyaline 
and granular casts, 1 plus epithelial cells, 2 to 4 leucocytes per high- 
power field, and no erythrocytes. The blood nonprotein nitrogen was 
60 mg./lOO c.c. The serum protein was 5.4 per cent. 

On' Nov. S, 1941, the edema of the legs increased very rapidly to 
such an extent that the skin over the entire legs, and especially below 
the knees, became tense and shiny. At this time she complained o± 
heaviness in the legs and of awkwardness of motion, hut there was no 
pain. On the next day both legs felt numb, and they. now appealed 
pale and slightly cyanotic. The reflexes were found to be presen , 
but sluggish. There was no evidence of sensory disturbance, althong i 
the extremities felt cold to the touch and the pulses could not be tel . 
As the massive edema subsided over a period of several days, t ie 
popliteal, posterior tibia], and dorsalis pedis pulses could again be 
made out bilaterally, although they remained of small volume. i- 
lateral arterial occlusion of the lower extremities was considered a . 
this time, but was thought to be unlikely because of the return of tlie 
pulses and the failure of gangrene to develop. _ 

On Dec. 5, 1941. two nodules about 1 cm. in diameter were noted on 
the extensor surface of the left forearm. These were slight y moiai e 
and slightly tender to the touch. Three days later a similar nodule 
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appeared in the right cheek, and was attended hy slight swelling. In 
each ease the nodules persisted for about five days and then disap- 
peared quite rapidly. 

Her condition became progressively worse from this time on. Iho 
respiratory embarrassment and edema became more marked, and she 
required more frequent and larger doses of mercurial diuretic for even 
moderate relief. Either thoracic or abdominal pain was experienced 
almost daily at this time. She became increasingly uncooperative, and 
finally became irrational, and died .Tan. 9. 1942. 

Summary of ('linical Observations ^ — A 27-year-old white woman, with 
a past history of diphtheria and a doubtful history of chorea, suffered 
from an undiagnosed cardiovascular disease for at least two and a 
half years, and probably longer. Her illness was marked by dyspnea, 
orthopnea, cough, and edema. The size of her heart increased during 
the illness. Occasionally a transient, soft, systolic murmur was heard 
at the apex, and the accentuation of the pulmonic second sound be- 
came more marked. The electrocardiogram showed evidence of ex- 
tensive myocardial damage. Repented attacks of thoracic pain, fever, 
cough, and hemoptysis were considered to be caused by pulmonary 
infarction. Severe abdominal pain, gaseous distension, and obstinate 
constipation occurred repeatedly, without urinary symptoms or tender- 
ness over the kidneys. Two cerebral seizures, marked by difficulty in 
talking and swallowing, confusion, apprehension, anxiety, and tran- 
sient neurologic disturbances, occurred. The sudden increase in the 
edema of the lower extremities on two occasions was thought to be 
caused by peripheral vascular occlusion. The patient ultimately failed 
to respond to therapy. 

AUTOl’SV 


The body was that of a poorly nourished white woman whose ap- 
parent and actual age were approximately the same. The veins of 
the neck were dilated, an old appendectomy scar was present, and the 
left ankle was slightly edematous. 

The peritoneal cavity contained a small amount of excess fluid, and 
a few fibrous adhesions were present at the site of the appendectomy. 
Xo constriction of the bowel was noted. The left pleural cavity con- 
tained about 150 c.c. of clear yellow fluid, and the right cavity, a small 
amount of the same fluid. Jinny fibrous adhesions were present in 
the right pleural cavity. The pericardial cavity contained 200 c.c. of 
clear fluid. 


The heart weighed 4(i0 grams. Irregular patches of scar tissue were 
present in the myocardium; the largest of these was in the wall of the 
left ventricle near the apex, and measured 5 mm. in diameter. The 
valves were soft and thin. On the endocardium of the left ventricle 
there were many thrombi of all ages. A few of these were seen in 
the right ventricle also. Tn the right auricular appendage there was 
a thrombus f> cm. in diameter which not only filled the appendage, but 
also extended out over the tricuspid orifice ns a pedunculated mass. 
The coronary arteries were thin walled, and no evidence of occlusion 
could be found grossly. 

The lungs showed some generalized thickening of the framework, 
and a large number of infarcts of all ages were seen. The large pul- 
monary arteries were grossly patent. 

The right kidney weighed 100 grams. The capsule was slmlitlv 
adherent and the surface was congested, with many depressed areas 
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The cut surface was unremarkable except that many infarcts in vari- 
right tageS were seen - The kidney was similar to the 


The aorta was elastic, and its intima was smooth down to about 8 cm. 
above the .bifurcation. Extending from here downward and into the 
iliac arteries there was a thrombus. Its aortic portion was mural in 
character ; it was situated on the posterior wall of the vessel, and was 
very pale and firmly attached to the intima. In its iliac portion it 
occluded the. vessels entirely, and varied in structure, i.e., it was red 
in some portions and somewhat decolorized in others. The veins were 
entirely patent. 


MICROSCOPIC OBSERVATIONS 


Heart. — Some hypertrophy of the muscle was present, and there was 
extensive patchy fibrosis, giving the impression of infarction with 
healing. The coronary arteries did not appear thickened, and no coro- 
nary thrombus could be found. The endocardial thrombus was of 
various ages in various parts, from a few days in the superficial layers 
to much longer in the deeper portions, in which there was thorough 
organization. The structure was typical of a laminated thrombus with 
organization. 

Lungs. — There was chronic passive congestion. The lung frame- 
work was greatly thickened. Many infarcts were present; some of 
these were fairly fresh, but most were in various stages of encapsula- 
tion or organization. The arteries were the site of intimal thickening, 
and a large number were occluded by organized and canalized thrombi. 
The newly formed vessels in these thrombi were of considerable size 
in many instances, with muscular walls and a definite elastic tissue 
component. 

Spleen. — Chronic passive congestion, hyperplasia of the lymphoid 
follicles, and hyaline changes in the smaller arteries were the lesions 
found here. 

The liver was the site of hydropic degeneration and chronic passive 
congestion. The gastrointestinal tract was the site of slight chronic 
inflammation in the mucosa. 

Kidneys. — Multiple infarcts were present, some of which were fresh, 
some organizing. Intimal thickening and fibrosis, were present in the 
small and medium-sized arteries, and extreme splitting of. the internal 
elastica was seen in many areas. Organized and canalized thrombi 
were present in many of these arteries, and. the canalizing vessels m 
some cases had developed fairly thick, partially muscular, walls. A 
careful search revealed no fresh thrombi. 

Aorta. — Typical organized thrombus. _ 

Iliac Arteries. — A fresh, red thrombus was present, with partial oi~ 
ganization. The artery wall was approximately normal. 

Summary of Pathologic Observations. — The heart was hypertrophic, 
and, although no coronary sclerosis or thrombosis was. found, there 
were patchy myocardial scars and endocardial thrombi. The sma 
and medium-sized arteries of the lungs and kidneys were the seat o 
intimal thickening and fibrosis, and in many, of these vessels ieie 
were organized and canalized thrombi. Multiple infarcts o various 
ages were present in these organs. A thrombus was presen m e 
lower part of the aorta and common iliac arteries. This was muia 
in character in the aortic portion, but completely occluded both com- 
mon iliac arteries. In the aortic portion it was decolorized and or- 
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ganized, whereas the iliac portion was fairly fresh, lull) 
organization. No intlannnatory changes were found m the 
or thrombi. 

DISCUSSION 


beginning 
essol walls 


This case, although obviously one of generalized vascular disease, 
defied all attempts at specific clinical or pathologic diagnosis. The 
pathologic picture corresponded in some respects to that which some 
investigators have considered as characteristic of thromboangiitis ob- 
literans. Ilausner and Allen 3 found purely degenerative lesions in the 
visceral arteries, whereas the peripheral vessels showed the typical 
inflammatory changes of Buerger’s disease. Fathercc and Ilines 4 em- 
phasized the generalized nature of the lesions, and stated that the 
characteristic inflammatory process occurred but rarely in the visceral 
arteries, and never without, associated degenerative lesions. 

Eppinger' regarded the salient, features as (1) marked infimal pro- 
liferation, (2) extensive thrombosis with canalization, (3) remarkable 
preservation of the internal elastic membrane, and (4) relatively in- 
tact media and adventitia; he merely mentioned, in passing. Ihe lym- 
phocytic infiltration and edema of the media. 

In Cabot Case No. 22102/' post-mortem examination revealed exten- 
sive, organized, and canalized thrombi in nearly all the medium-sized 
and small pulmonary arteries. These lesions were similar to those 
found in the present, case, and this condition was considered by the 
pathologist to be endarteritis obliterans. 

In a study of 200 cases, Telford and Stopford 7 came to the following 
conclusions: The first change is proliferation of the intima. probably 
as a result of vasospasm, followed later by thrombosis at the intimal 
irregularities. The thrombus increases by propagation. Three zones 
are then seen in a cross section of the artery: (1) the thickened in- 
tima, (2) organized thrombus material, and (3) fresh thrombus. When 
the thrombus extends centrally from the primary thrombus, cross sec- 
tion of the vessel may not show the intimal change. Later there may 
be fibrosis of the media and adventitia. They do not consider the 
organization to be of any peculiar type, and emphasize the absence of 
collections of lymphocytes. 


Staemmler 8 described a case of diffuse disease of the pulmonary 
arteries, with intimal overgrowth, thrombosis, canalization, and re- 
duplication and splitting of the internal clastica. No actual inflam- 
matory lesions were found, but the author designated the condition as 
thromboendarteritis obliterans. In his opinion, lymphocytic infiltra- 
tions are so common in thrombus organization that no conclusion con- 
cerning a primary inflammatory lesion can be drawn therefrom. 

Jaegei, in two aiticlcs based on a. thorough nccropsv study of four 
cases and the examination of several surgical specimens, stated that 
the first change is localized fibrinoid necrosis of the intima. This is 
followed by proliferation of the cells underlying the necrotic portions, 
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giving rise to the formation of “intimal cushions.” Occlusion may 
o ow this process directly or by way of thrombus formation. The 
reactive granulation tissue is distinguished by abscesslike leucocytic 
loci, and later by the presence of Langhans-type giant cells and fibro- 
blasts. The distribution may be extremely widespread throughout the 
vessels of the viscera and extremities. Consequently, thromboangiitis 
obliterans is classified by Jaeger as a general inflammatory disease of 
the vascular system. 

Buerger, 10 however, objects strenuously to the above theories regard- 
ing the pathogenesis of thromboangiitis obliterans. He states that the 
essential picture is one of vascular inflammation and occlusive throm- 
bosis, and that degenerative lesions are merely coincidental and bear 
no causal relation to Buerger’s disease. He describes two stages: 
(1) the acute or specific stage, and (2) the healed or organized stage. 
In the former the changes consist in an acute inflammatory process 
characterized by infiltration of the vessel coats with polymorphonu- 
clear leucocytes and the occlusion of the lumen by red clot. The 
specific lesion is a purulent focus in the clot, containing giant cells, 
endothelioid cells or “angioblasts,” and broken-down leucocytes.. 

Healing takes place, as far as we can ascertain from Buerger’s de- 
scription, in a manner entirely typical for the organization and canali- 
zation of any thrombus. He emphasizes the presence of hemosiderin- 
filled monocytes in the organizing tissue, but in our experience this is 
not specific, for it may be encountered in any organizing clot. This 
process leads finally to the complete obliteration of the lumen of the 
vessel, with recanalization. He also emphasizes the involvement of 
the veins, and the perivascular fibrosis which binds together the artery, 
vein, and nerve. 

According to Mallory, 11 however, other investigators, in studying 
a large volume of material, have found very little evidence of the acute 
changes described by Buerger. This may be because of the short 
duration of the acute process, but this point of view denies the neces- 
sity of finding acute changes in order to make a diagnosis of thrombo- 
angiitis obliterans. 

Mallory also states that, in the opinion of some authors, the changes 
described by Buerger are not specific, but may be found also in the 
arteries after trauma, in Raynaud’s disease, syphilis, ordinary septic 
thrombophlebitis, and even frostbite. 

In the present case the vascular lesions were found in the abdominal 
aorta, the iliac arteries, the small and medium-sized pulmonary arteiies, 
and the small and medium-sized arteries of the kidneys. Nowhere was 
an acute inflammatory lesion found. No unorganized thrombi weie 
found except in the iliac arteries, where organization was just be- 
ginning. Intimal thickening was found in both oceluded and unoc- 
cluded vessels. In some portions, particularly in the kidneys, there 
were splitting and reduplication of the internal elastica. In some of 
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the canalized thrombi the organizing vessels were definitely muscular 
in type, and some had a fairly well-formed elastic membrane. 

The veins were not involved as far as could lie ascertained, nor was 
the perivascular fibrosis of Buerger’s description found. 

The lesions in the heart were puzzling in that the arteries were thin- 
walled and apparently patent, and yet there were large patches of 
fibrosis that were fairly typical of healed infarcts. In the organizing 
ventricular thrombi there were hemosiderin-filled monocytes. No im- 
portance was attached to this, however, for pigment may be found in 
any organizing thrombus. 

The clinical picture certainly did not correspond to that usually 
ascribed to thromboangiitis obliterans as manifested in the peripheral 
arteries. This disease is unusual in women, and especially so in women 
under 30 years of age. Telford and Stopford 7 concluded from their 
own cases and those collected from the literature that less than 1 per 
cent of the total number of eases occurred in women. 

In the typical case, the presenting symptoms are pain, numbness, 
and coldness of the lower extremities, and intermittent claudication. 
The final result of the vascular lesions is usually gangrene. Besides 
the symptoms caused by arterial changes, phenomena referable to 
thrombophlebitis may be striking, and are usually described as being 
of a migratory nature. Buerger presents thrombophlebitis as an essen- 
tial feature, whereas Telford and Stopford found it in only 10 per cent 
of their cases. 

In the present case, however, no symptoms referable to the periph- 
eral vessels were noted until the visceral manifestations had been 
established for several years. This fact, in itself, does not necessarily 
exclude thromboangiitis obliterans; Ifausner and Allen 3 ’ 13 found typi- 
cal lesions in the visceral arteries preceding those in the peripheral 
vessels. When our patient finally began to develop the symptoms of 
peripheral lesions, however, they were not such as would indicate 
thromboangiitis obliterans. Although she complained of easy fatigue 
of the legs early in the course of her illness, claudication was never 
present, nor were there symptoms of migratory thrombophlebitis. 

The first indication of involvement of the peripheral vessels ap- 
peared about six months before her death. At this time there oc- 
curred what seemed to be a major venous occlusion in the left leg. 
The arterial pulses in this leg disappeared temporarily, but when the 
edema subsided they reappeared, although they were of small volume. 

Again, about two months prior to her death, both legs suddenly 
became edematous. She complained of heaviness, awkwardness, and 
numbness of the lower extremities, which now were cold and slightly 
cyanotic. At this time the arterial pulses disappeared bilaterally, but 
subsequently reappeared. 

The piompt leturn of the pulses on both of these occasions seemed 
to rule out the possibility of a major arterial occlusion. The absence 
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of gangrene bore out this impression, and the finding at autopsy of 
complete occlusion of both common iliac arteries was totally unexpected. 

The nodules on the cheek and left arm, which disappeared before 
death, remain entirely unexplained. It was considered that these 
might be related to the vascular system, possibly as a manifestation 
of periarteritis nodosa, but the vascular lesions which were found in 
the other organs gave no support to this supposition. . 

Unfortunately, examination of the brain was not permitted, so that 
the explanation of the cerebral symptoms must remain entirely a mat- 
ter of speculation. I-Iausner and Allen, 3 in discussing the cerebral 
manifestations of thromboangiitis obliterans, suggested that the tran- 
sient nature of the symptoms implies a vasospasm superimposed on 
organic lesions. In their experience, hemiplegia was the outstanding 
symptom, sometimes accompanied by confusion, disorientation, aphasia, 
loss of memory, and hemianopsia. A review of twenty-three cases 
from the literature and eleven eases from the Mayo Clinic by the same 
authors, in 1940, 12 served to confirm their earlier impressions. 

The cause of the cardiac disorder was never thoroughly understood 
clinically. Although there was a doubtful history of chorea and a 
definite history of diphtheria in childhood, the cardiac abnormalities 
were not such as to indicate an infectious origin. Examination of the 
heart revealed little besides progressive enlargement, persistent tachy- 
cardia, and an inconstant apical systolic murmur. The electrocardio- 
gram suggested myocardial damage of a type usually associated with 
coronary disease. On the other hand, the attacks of pain in the chest 
were rather typically pulmonary in character, and at no time did they 
suggest coronary disease. The high diastolic pressure was puzzling, 
in that there was no indication that the systolic pressure had been 
elevated previous to the onset of heart failure. 

The heart muscle was the seat of patchy fibrosis which is usually 
considered as the end result of sudden or gradual coronary occlusion. 
Thorough examination of the vessels, however, revealed no thrombi, 
and the arteries appeared thin walled and widely patent. It was felt, 
therefore, that the infarcts must have been caused by prolonged spasm 
of the arteries. Telford and Stopford' stated that the pulses in the 
affected arteries may come and go ; this observation would seem to 
indicate that spasm may play an important role in the production of 
the characteristic lesions of thromboangiitis obliterans. 

Another possible explanation is suggested by Currens, 13 who, in a 
recent paper, based on both his own observations and several lepoits 
in the literature, called attention to the electrocardiographic changes 
in cases of pulmonary embolism ; he emphasized especially the finding 
in some of these cases of myocardial infarcts at autopsy, although no 
coronary occlusion could be detected. He thought that these infaicts 
were the result of shock and the consequent lowering- of the coronaiy 
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arterial pressure, combined with an increase in pulmonary artoiial 
tension and an increased demand on the right side of the heart. 

The pulmonary lesions could easily have been caused by embolism, 
thrombosis, or vasospasm, or. indeed, any combination oi these. I lie 
endocardial thrombi on the right side formed a ready source for 
emboli. On the other hand, the changes found even in the unoeeluded 
arteries were of a typo often associated with vasospasm, which, in 
turn, may lead to thrombosis. The decrease in blood supply to the 
lung brought about in this way. with the added factor of a handi- 
capped heart, was probably the cause of the generalized thickenin': 
and fibrosis of the lung framework. 

The relation between the state of the cardiac function and the acute 
pulmonary attacks is another subject for speculation. The symptoms 
which suggested infarction of the lung frequently occurred during a 
period of improved cardiac status. Since these attacks occurred fre- 
quently after the intravenous administration of a mercurial diuretic, 
it is possible that the vasospasm that was already present might have 
been aggravated by the drug, precipitating thrombosis. The chief 
evidence of cardiac improvement was a decrease in the edema, with- 
out any slowing of the pulse rate or change in the heart tones. It was 
felt, therefore, that the improvement was brought about ehiellv by tin* 
diuretic, and that an increase in the force of cardiac contraction suffi- 
cient to dislodge endocardial thrombi did not take place. 

The symptoms which we. in retrospect, have attributed to the in- 
farcts of the kidneys were of little specific diagnostic value. Although 
renal changes were considered as a cause for these symptoms, there 
was nothing to point to any specific renal lesion. The pain itself was 
misleading; its location was in the upper abdominal quadrants, and 
varied not only in successive attacks, but also during a single attack. 
At no time was there radiation suggesting renal origin. Associated 
with the pain were fever, nausea, vomiting, distension, and obstinate 
constipation. The fact, that she had had an appendectomy, followed 
by peritonitis, ‘introduced another confusing factor, i.c., the possibility 
of intestinal obstruction caused by adhesions. 

The urinary abnormalities were not such as to point to the true 
cause of the abdominal symptoms. The variable albumin content and 
the presence of casts were felt, 1o be consistent with the cardiac situa- 
tion. The absence of hematuria merely added to the negative evidence 
which allowed the abdominal complaints to go unexplained clinically. 

In view of the obvious divergence of opinions on the subject, no 
attempt has been made to put this ease in a definite category in the 
confused classification of vascular occlusive diseases. 


SUMMARY AXI) CONCLUSIONS 

1. A case of generalized arterial disease in a young white ■woman 
is presented. The vascular lesions involved chiefly the muscular ar- 
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teries, and consisted of intimal thickening and fibrosis, splitting of the 
internal elastica, and thrombosis with organization and canalization. 

2. The clinical picture was bizarre, and is conceived to have been the 
result of vascular changes in the brain, heart, lungs, and kidneys. 

3. The classification of the condition is considered with reference to 
the recent literature concerning thromboangiitis obliterans. The opin- 
ions of the various authors with regard to the essential nature of this 
disease, and also with regard to the criteria for its diagnosis, are at 
variance. It appears either that this disease varies greatly in its mani- 
festations, or that more than one disease is included under this name. 
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ELECTROCARDIOGRAPHIC OBSERVATIONS ON 500 
UNSELECTED YOUNG ADULTS AT WORK 

Phillip C. Yiscidi, M.D., axd Arthur J. Geiger, M.D. 

New Haven, Conn. 

I N A recent study which involved routine electrocardiographic ex- 
iiniimition of hospitsil and dispensary patients, 1 we encountered the 
surprisingly high incidence of 27.2 per cent of abnormal records among 
400 subjects who were selected more or less at random from among 
patients on whom no formal request for an electrocardiogram had been 
made. Even after eliminating those eases in which some abnormality 
might have been expected from the history, blood pressure, physical 
examination, or laboratory data, an entirely unexpected abnormal group, 
comprising 12.2 per cent of the electrocardiograms, was still left. Be- 
cause practically half of the abnormal records were found in the younger 
age group (13 to 35 years old), and because a higher percentage of un- 
expectedly abnormal tracings occurred consistently in the earlier as com- 
pared with the later decades, it was thought important to extend this 
study to include a large group of relatively young people who were not 
patients, but were apparently healthy subjects and at work. The re- 
sults of such an investigation might be of particular current interest 
to those concerned with the selection of personnel for highly specialized 
military and industrial needs, like aviation. 

It is necessary to emphasize the importance of basing such a study on 
subjects who are not patients, for illnesses other than those of a primarily 
cardiovascular nature may nevertheless influence the electrocardiogram. 
Thus, Sprague- has listed forty causes for abnormalities of the RS-T and 
T portions of the electrocardiogram, only 15 of which are directly con- 
cerned with cardiovascular abnormalities, and Leach, Reed, and White, 11 
in a recent study of low voltage, found that heart disease was of no 
greater relative importance than cxtracardiac factors in cases in which 
this feature was present. 

Should study of a large, nonpatienl group again disclose an unusually 
high incidence of electrocardiographic abnormalities, then at least two 
considerations would arise: (1) that routine electrocardiography is an 
essential supplement to other methods of examination and is indis- 
pensable as a case-finding method in cardiovascular disease, or (2) that 
our present criteria of what is normal for the electrocardiogram are 
faulty. 


by 

quir 


Representing in part an abridgment and in part an extension of a thesis submitted 


p . c. V. to Yale University School of Medicine in partial fulfillment' of the re- 
rements for the degree of M.D. 


Received for publication Feb. 21, 1913. 


763 



764 


AMERICAN HEART JOURNAL 


METHODS AND PROCEDURE 

N 

Electrocardiograms were obtained on 500 imseleeted subjects between 
the ages of 18 and 38 years. There was an equal number of males and 
females, and the majority were medical students, nurses, or interns ; the 
remainder were hospital technicians or other institutional employees. A 
relevant history was recorded on each subject, and all had had or were 
given at least one complete physical examination, including readings of 
blood pressure, Kahn test on the blood, and one or more roentgenologic 
examinations of the chest. All of the subjects were seemingly in good 
health and at work, at the time of the electrocardiographic examination. 

Each electrocardiographic record consisted of the three conventional 
limb leads, as well as the preeordial lead GF 4 , 4 and the sensitivity of the 
galvanometer was adjusted to the standard deflection of one centimeter 
per millivolt. All records were taken with the subjects in the same semi- 
reclining position to exclude positional variations. 

The amplitudes of deflections were measured to the nearest 0.5 mm., 
and durations to the nearest 0.01 second. When variations were ap- 
parent, an average of several measurements was taken. 

The criteria by which the electrocardiograms were judged corre- 
sponded almost entirely with the standards found in the current 
Nomenclature and Criteria for Diagnosis of Diseases of the Heart, com- 
piled by the Criteria Committee of the New York Heart Association. 5 
These criteria were slightly 3 ' modified or amplified on the strength of per- 
sonal experience (indicated by asterisks in the tabulation below) when 
the authority quoted either made no statement or seemed resting on too 
little data, as in the case of certain features of Lead CF 4 . Although in 
practice our criteria are slightly broader in certain minor details than 
those herein referred to, it was felt that, for the purposes of this study, 
the criteria of a widely used and official authority should properly serve 
as the basis for judgment. 


RESULTS 

Classification of the electrocardiograms as normal, borderline, and 
abnormal, on the basis of the criteria set forth in Table I, revealed that 
only 244 of the 500 records, or 48.8 per cent, were indisputably normal, 
while of the remainder the outspokenly abnormal tracings greatly out- 
numbered those classified as borderline. These results are summarized 
in Table II. 

Before considering the significance of these observations and at- 
tempting to interpret them, it was essential first to investigate the sub- 
jects with borderline and abnormal electrocardiograms and to ascertain 
whether there were cardiovascular abnormalities which might account 
for some of the deviations from the normal. It was found that only 
fourteen subjects (2.8 per cent) presented either definite oi pro a^ e 
cardiovascular abnormalities. Eight had heart muimuis, six of vine i 
were considered organic, and two others were accepted as oigamc, a 
though the description of the murmurs by another examiner had not 
been adequate and the subjects were no longer available for re-examma- 
tion. Four persons had roentgenologic abnormalities in the chest. One 
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Table I 

Criteria of Normal Electrocardiographic Features Adopted in This Study* 

(Amplitudes: 1 mm. = 0.1 mv.) 

LIMB LEADS 


P Wave 

Direction : 
Amplitude : 
Duration: 
Contour: 


P-R Interval: 


Upward in Leads I and II (except m dextrocardia) 

0.5 to 2.5 mm. in lead with largest P wave 
Up to and including 0.10 see. 

May be notched if otherwise normal 

t (With respect to the last three, a P wave was judged abnormal 
only if it exceeded the indicated limits in more than one of 
the features) 

0.12 to 0.20 sec. 


QRS Complex 
Duration : 
Amplitude : 

Contour : 


Axis: 


Not exceeding 0.10 see. in lead where longest 

Either 5 mm. or more in at least one lead, tor sum of over-all 
dimension in three leads more than 15 mm. 

Notching or splintering or localized slurring in one lead only, or 
in more than one lead if confined to apex or base in such 
other leads 

Q waves in Leads I, II, and III not exceeding 15%, 20% and 
25%, respectively, of the largest QRS amplitude in any of 
the three leads (Criteria do not hold if QRS amplitude ex- 
ceeds 20 mm., or for Leads II and III in presence of right 
axis deviation) 

Net deflection is upward or zero in all three leads (tQRS not 
longer than 0.10 sec.) 


RS-T Junction: Deviation from isoelectric level up to ± 1 mm. 


T Wave 

Direction: tUpward in Leads I and II 

Amplitude: At least 1 mm. in Leads I and II 

Q-T Duration: The value for Iv in the formula Q - T = Iv V cycle length does 

not exceed 0.392 in men or 0.440 in women 


PRECORDIAL LEAD IV F 

P Wave 

Direction: Upward, isoelectric, f diphasic or tinverted up to -0.5 mm. 

Amplitude: t-0.5 mm. to 4-1.5 mm. 


QRS Complex 

Amplitude: tOver-all dimension is 8 mm. or more 

Contour: t Slurring, notching, splintering acceptable 

tlnitial positive deflection (R wave) not less than 3 mm. 
Initial negative deflection (Q wave) not more than 3 mm. 


RS-T Junction: Deviation from isoelectric level not beyond -0.6 mm. or 42.0 mm, 
T Wave 

Direction : Upright 

Amplitude: 0.5 mm. o r more 

‘According to criteria adopted by the American Heart Association.® 
fPersonal modifications or additions to criteria. 


Table II 

Classification of Electrocardiograms of 500 Unselected Working Subjects 


RECORDS 

MALES 

females 

TOTAL 

Normal 

Borderline 

Abnormal 

116 46.4% 

33 13.2% 

101 40.4% 

128 51.2% 

21 8.4% 

101 40.4% 

244 48.S% 

54 10.8% 

202 40.4% 
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man had hypertension and a past history of auricular fibrillation, and 
one woman had unexplained, periodic edema of the ankles. The ab- 
normal electrocardiographic and clinical observations in these fourteen 
cases are summarized in Table III. 

Table III 


Clinical and Electrocardiographic Data in the Fourteen Pathologic Cases 

Eliminated From Study 


ECG 

NO. 

SEX 

CLASS 

iU 

ECG ABNORMALITIES 

CLINICAL ABNORMALITIES 

45 

M 

Ab. 

LADf 1+ (asthenic build) 
Slurred QRS 2 , < 

Loud systolic murmur and split 
sound at apex 

40 

M 

B. 

RAD* ± 

Slurred QRS, , 

“K” = 0.406 

Deformity from previous empy- 
ema and thoracotomy on right 

63 

M 

Ab. 

Small QRS, 

Slurred QRS,, 3 

Loud apical systolic murmur. 
Cardiac displacement (x-ray) 

66 

M 

Ab. 

Slurred QRS, 3 ; Broad P 
“ K ” = 0.405 

Systolic murmur at npex. Scar- 
let fever and diphtheria in 
childhood 

97 

M 

B. 

LAD 2+ 

Slurred QRS,, 2 , , 

Blood pressure 155/65 

236 

M 

Ab. 

LAD 2+; T, inverted 

Slurred QRS,, 2 

Inconstant hypertension. His- 
tory of scarlet fever and neph- 
ritis 

247 

M 

B. 

Slurred QRS,, s 

T waves all low 

Blood pressure 170/100. Parox- 
ysmal auricular fibrillation 

312 

F 

Ab. 

Low QRS, with absent R, 

Periodic edema, ? etiology 

351 

F 

N. 

LAD 1+ 

Signs of mitral stenosis 

353 

F 

Ab. 

T. absent 

Harsh apical systolic murmur. 
Auricular enlargement (x-ray) 

360 

F 

Ab. 

Small QRS, (R, =r 1 mm.) 
QRS slurred in all leads 

Apical systolic murmur. Pa- 
tient not available for recheck 

415 

F 

Ab. 

Small QRS, (R, = 1 mm.) 
Low voltage 

Left auricular enlargement (x- 
ray) 

447 

F 

Ab. 

QRS slurred in all leads 

T. absent; S-T, = -2 mm.. 

“Systolic murmur” (patient not 
available for recheck) 

452 

F 

Ab. 

To absent, S-T- ~ -1.5 
mm. 

Blood pressure 140/90 

*Ab, 

Abnormal ; B, 

, borderline ; N, normal. 

9 


fLAD, Loft axis deviation. 
$RAX), Right axis deviation. 


Elimination of the fourteen abnormal cases from the study still left 
242 (49.8 per cent) of the records in the abnormal and borderline 
groups, of which the great majority were definitely abnormal on the 
basis of the established criteria. The classification of these records is 
given in Table IV. 

Inspection of Table V reveals that although the abnormal and border- 
line features consisted predominantly of those in which the personal 
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element of judgment is necessarily involved (as in slurring of the. QRS 
complex) , and others which are not always considered in clinical practice 
(as with abnormally long Q-T interval), it is to be noted that significant 
contributions are represented also by features that command every- 
day attention (such as abnormalities of the T wave, low QRS voltage, 
and considerable axis shift) . 


Table IV 

Classification of Electrocardiograms of 486 Apparently Normal Subjects 


RECORDS 

MALES j 

FEMALES 

TOTAL 

Normal 

117 

48.2% 

127 

52.2% 

244 

50.2% 

Borderline 

2S 

11.5% 

21 

. S.6% 

49 

10.1% 

Abnormal 

9S 

40.3% 

95 

39.2% 

193 

39.7% 


Table V 

Abnormal and Borderline Electrocardiographic Features Encountered in 500 

Young Adults at Work 



ABNORMAL 

BORDERLINE 

TOTAL 

ABNORMAL FEATURES 

NO. j % 

NO. | % 

NO. | % 


Limb Leads 


P inverted in two leads 

1 

0.2 



1 

0.2 

P duration exceeding 0.11 sec. 

1 

0.2 



1 

0.2 

P-R duration of 0.22 sec. or more 

4 

0.8 



4 

O.S 

QRS duration of 0.12 sec. or more 

2 

0.4 



2 

0.4 

Low voltage 

9 

1.8 



9 

1.8 

Slurred in two or three leads 

28 

5.6 

9S 

19.6 

126 

25.2 

Abnormally deep Q, 

o 

0.4 



2 

0.4 

Abnormally deep Q s 

0 

1.2 



6 

1.2 

RS-T depressed more than 1 mm. 

3 

0.6 



3 

0.6 

elevated more than 1 mm. 

3 

0.6 



3 

0.6 

T abnormal direction or amplitude 

21 

4.2 

1 


22 

4.4 

Axis shifts more, than slight 

0 

1.0 

5 


10 

2.0 

Frequent ectopic beats 



1 


1 

0.2 

Abnormally long Q-T 

85 

17.0 



S5 

17.0 


Chest Lead IYF 


P inverted 1.0 mm. or more 



OiJ 

7.0 

b‘0 

7.0 

Q abnormally large 

2 

0.4 



2 

0.4 

QRS low voltage 

78 

15.6 

2 

0.4, 

SO 

16.0 

R abnormally small or absent 

2 

0.4 

o 

0.4 

4 

0.8 

T abnormal direction or amplitude 

19 

3.8 



19 

3.8 


It is acknowledged that even the most careful selection of normal 
subjects is not an infallible procedure, but it is unthinkable that prac- 
tically half of such a large group would have undiscovered causes for 
electrocardiographic abnormalities. Moreover, this fact recalls our 
previous disclosure 1 of abnormal electrocardiograms in an unexpectedly 
high percentage of hospital and dispensary patients who were not 
afflicted with cardiovascular disease.® 


‘The higher incidence of abnormalities recorded in the present study, as compared 
with the earlier one referred to, is probably due largely to two factors: (1) a differ- 
ence in technique, for many of the electrocardiograms in the previous investigation 
were visualized on a fluoroscopic lag-screen attachment to the electrocardiograph and 
some abnormalities might have escaped detection, and (2) no attention was paid in 
t th M ,rev I ous ® ^ udy * ' 1 Q-T duration, which directly contributed twentv-nine records 
to the abnormal group. 
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The conclusion seems forced that the current criteria of normality for 
the electrocardiogram are faulty in being too narrow, and, on the basis 
of such criteria, we agree with the recent observations of Wood, Wol- 
ferth, and Miller 6 that electrocardiographic surveys would be misleading 
if applied' as a screening technique in mass examinations of candidates 
for specialized military and industrial posts, or in examinations of life 
insurance applicants. 


SUMMARY AND CONCLUSIONS 

An electrocardiographic study of 500 apparently healthy, young, 
working adults disclosed that half of the records fell outside the range of 
normal on the basis of authoritative electrocardiographic criteria of 
normality in current general use. The implication is that electrocardio- 
graphic surveys will be misleading unless criteria of what is normal are 
revised and broadened. 
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ON CERTAIN APPLICATIONS OF MODERN ELECTROCARDI- 
OGRAPHIC THEORY TO THE INTERPRETATION OF 
ELECTROCARDIOGRAMS WHICH INDICATE 
MYOCARDIAL DISEASE 

Robert H. Bayley, M.D. 

New Orleans, La. 

INTRODUCTORY REMARKS 

F OR nearly thirty years the medical profession has been interested in 
the problem of interpretation of the electrical effects of the heartbeat. 
The property of living cells which is characterized by their ability to 
produce detectable electrical effects is called excitability. This is a prop- 
erty enjoyed not only by cardiac muscle, but by nerve and striated 
muscle as well. A striking similarity exists between the electrical ef- 
fects of excitability in these different kinds of tissues and in other cells 
of both the plant and animal kingdoms. The fields are new and in them 
much awaits to be done. 

An understanding of the electrical effects produced by the heartbeat 
is not easily obtained by the physician. The chief difficulty lies in the 
fact that men who are trained primarily as physicians must herein deal 
with the relatively foreign agent, electricity. Physicists have found that 
electricity is most conveniently described in mathematical language, but 
mathematics is a tool for which most physicians entertain a strong aver- 
sion. Consequently, a treatise of this kind, although it demands an oc- 
casional mathematical expression for accuracy’s sake, is best supported 
by word pictures as well. Tlie more advanced mathematical expres- 
sions, which are not essential for a useful grasp of the subject, are rele- 
gated to footnotes. Expressions which are retained in the main body 
of the script are of a simple kind and lend themselves to direct geometric 
visualization. It is all too obvious that only those physicians who have 
undertaken the laborious task of becoming familiar with the relevant 
theoretical physics of electricity are in a position to formulate sound 
electrocardiographic theory. Between past and present investigators, 
who are thus qualified, there have been and are no important differences 
of opinion regarding the interpretations placed upon their own investi- 
gative observations or those of others. 

From the Department of Medicine of the School of Medicine of Louisiana State 
University. 
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SECTION I 


ON VECTORS AND ELECTRICITY 


m 0,10 ° hoosG an .v number and give it a sense, positive or negative. 
1 he number is now a scalar quantity with two properties, magnitude and 
sense. Certain quantities are met with in dealing with electricity which 
possess direction as well as magnitude and sense. These are referred 
to as vector quantifies. They are defined completely by the directed line 
or vector. The direction of the line, indicated by the arrowhead, is the 
direction of the vector. The length of the line denotes the magnitude 
of the vector. The sense of the vector is indicated by the plus (usually 
omitted) or minus sign. The point in space from which the directed 
line begins is called the origin of the vector. The point in space at 
which the directed line ends is called the terminus of the vector. In 
script, vectors or the quantities which they represent are denoted by 
boldface or clarendon type or by an arrowhead over the letter. 


The present subject demands familiarity with three manipulations 
oi vectors, i.e., the translation of a vector, the sum of two or more vectors, 
and the projection of a vector. 

Any two vectors are considered equal if they are identical in direction', 
magnitude, and sense. The translation of a vector is performed by 
moving the vector about in space from one position 1o another without 
changing its direction, magnitude, or sense. A vector is obviously equal 
to each of its translations. "When the sense of a vector is altered from 
negative to positive, or vice versa, its direction in space is reversed. 

In forming the sum of two vectors A and B, a translation of the vec- 
tors to a common origin is first carried out. The parallelogram of which 
A and B form two sides is then completed. Finally, a directed diagonal 
of the parallelogram is drawn, commencing at the common origin of the 
two vectors. The directed diagonal 0 is a new vector representing the 
sum or resultant of the vectors A and B. Thus, the meaning ol the re- 
lation, 

(1-1) ... A + B = B + A = 0, 

is made clear. An angle formed by two vectors, such as that, formed 
by A and B before or after translation, may be denoted by the symbol 
(A,b). The occasion often arises in which it is desired to refer to the 
magnitude of a vector rather than to the vector itself, lor this pur- 
pose the notation usually adopted is that which uses the corresponding 
capital letter uncovered by the arrowhead. Thus A is the magnitude 
of the vector A. Moreover, if the magnitude of the vector A is 10 units, 
we have the following identities, A = Ah — 10a, and A = 10. The 
first three equalities arc vector expressions, whereas the last two are 
scalars. A vector quantity is never equated to a scalar quantity . 

In order to project a vector upon a line or plane, two normals aie 
dropped from the extremities of the vector upon the line or plane. The 
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directed line connecting the feet, of the normals is a new vector, the 
projection of the former upon the line or plane. One normal always 
connects the origins of the two vectors and the other connects their 
termini. Let A be a vector and let B represent the projection of A, 
then 1 


(1-2) ... B = A eos(A,B) b, 

where b is a unit vector in the direction of B, and the quantity A 
eos(A,B) is a scalar representing the magnitude of B in terms of the 
magnitude of A and the angle made by the vectors A and B. The valid- 
ity of eqn(l-2) is made obvious in the following way. Let B ( big. 1, a) 
be the projection of A upon the line op. In the right triangle, cos (A,B) 
is by definition B/A. Consequently, 


and 
so that 


B = A cos(A,B) 
Bb == A cos(A,B)b 
B = A cos(A,B)b 


which states that the projection of a vector (upon a line or plane) is 
itself a vector with a magnitude equal to the product of the magnitude 
of the projected vector by the cosine of the angle made by it and its 
projection, and having the direction of the projection. 

We may regard electricity as consisting of minute particles, called 
electrons, which have mass and possess a negative charge. The nature 
of the electricity with which we are at present concerned is the so-called 
ionic electron charge. When molecules of certain substances are in solu- 
tion they dissociate to a variable extent into particles of one or more 
elements, called ions, which possess either a positive or negative charge. 
The positively charged ion is known as the cation, and the negatively 
charged ion is known as the union. Between any two ions of unlike 
charge, or between any two groups of ions of unlike charge, there exists 
a force of attraction. The force acts in accordance with a fundamental 
law of electricity which states that unlike charges attract, and like 
charges repel, each other. 

The ability of an electric source to produce a flow of current in the 
region surrounding the source is another electrical fundamental. Every 
point in the region surrounding an electric source at which the flow of 
current is present constitutes the electric field due to the source. The 
medium in which 'the source is located and throughout which the field ex- 
tends is known as the conductor. When a positive source distribution is 
responsible for an electric field, the source distribution is referred to as 
the source of the field. When a negative source distribution is re- 
sponsible for a field, the former is referred to as the sink of the field. 
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It is clear that, if the bio-electric process under consideration is in 
the nature of an electrolytic dissociation, the field will be produced by 
both sources (+ ionic charges) and sinks (- ionic charges). The particu- 
lar spaeial arrangement of the sources and sinks is called the source- 
sink distribution. If the medium which surrounds the distribution ex- 
tends in all directions, it constitutes a volume conductor. If each part 
of the volume conductor is composed of a like substance, or substances 
which conduct alike, the medium is said to be homogeneous. 

In man we are dealing with a source-sink distribution within the heart 
muscle which generates an electric field extending outward in all direc- 
tions to the body surface. Although the body trunk is composed of 
different kinds of tissues, and is not, therefore, homogeneous, the con- 
centration of electrolytes in the various regions is sufficiently similar to 
permit treating the body as a homogeneous volume conductor . 2 Inas- 
much as the body is surrounded by air, a nonconducting medium, the 
electric field produced by the heartbeat does not extend beyond the 
body surface. 

The distribution of current flow throughout the field in a volume con- 
ductor of this kind depends upon the particular distribution and 
strength of the source-sink combination, upon the extent and shape of 
the conductor, and upon the particular composition of the conductor. 

Perhaps the most simple example is the field produced by a point 
source in a homogeneous volume conductor of infinite extent. The di- 
rection of the flow is radially outward from the source in all direc- 
tions along straight lines extending from the source to infinity. Let 
us consider any point p in the field. The, electrical force at p is a 
vector quantity with the properties of direction, magnitude, and sense, 
and is refei’red to as the electrical intensity at p. The direction of the 
electrical intensity along a line (of force) m the field determines the 
direction of the current flow. The line of force is thus referred to as 
the line of flow. If the vector E denotes the electrical intensity at p, 
then, by the usual notation, the magnitude of the intensity is E. If e 
denotes the strength of the point source, and r denotes the distance of p 
from the source, it is known that 



which states that the magnitude of the electrical intensity at any point in 
the field is directly proportional to the strength of the source and in- 
versely proportional to the square of the distance of the field point from 
the source. Moreover, if e is a unit vector in the direction of E, we may 
write 


e „ 



( 1 - 3 ) . . . 
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Another important property of the electrical field is the so-called 
electrical potential. Let us imagine that we have access to a minute 
positive “test particle” of negligible mass which we can carry about and 
place at any arbitrary field point. The charge on the particle is re- 
garded as too small to have any effect on the field, that is, too small to 
be regarded as part of the source of the field. If the particle is carried 
to any field point p, it will be acted upon by the electrical intensity at p. 



(t) 

displacement when the current flows into the paper, (e) Doublet do tentfal m 

sssrfeas ? sfc3S?&J§ 
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Inasmuch as the sense of the source and the sense of the particle are 
both positive, the action is one of repulsion. If the test particle is re- 
leased at p, the force of repulsion will carry the particle in a direction 
away from the source to some point outside the field, that is, to infinity. 
If we start from infinity, and carry the particle to any field point p, 
work is done in overcoming- the force of repulsion. The amount of work 
done may be regarded as stored up on the particle in the form of en- 
ergy of position which may be reclaimed in the form of energy of mo- 
tion when the particle is released and returns to infinity. While the 
particle is at p, its energy of position is equivalent to the so-called 
electrical potential at p. Consequently, we may define the electrical 
potential at any point in the field as numerically equal to the work done 
in carrying a test particle from outside of the field to the point in 
question. When the field is due to a point sink, the action on the 
particle is one of attraction, and the work done is then regarded as a 
negative quantity. The electrical potential is thus a scalar quantity. 
Its value in our present example may readily be found:* 

The resistance of a conductor may be defined as the property which 
enables it to offer a measure of difficulty to the flow of electricity through 
it. The amount of resistance offered by a given conductor depends, 


*Let the potential Vi at the field point pi (Fig. 1. b) be less than the potential V- 
at the field point p 2 . Let dr denote the element of path in the direction of the dis- 
placement pip;. The increase of potential dV encountered in traversing the dis- 
placement in the direction of dr is numerically equal to the amount of work done in 
carrying a test particle from Pi to p= against the force of repulsion, or the electric 
intensity e. Let 0 denote tiie angle (£,-dr). Then E cosO is the magnitude of the 
intensity encountered in traversing the displacement dr. The product of this force 
by the dis.ance dr is equivalent to the amount of work done in carrying the test 
particle over the path pips. That is, 

dV = E cos 0 dr = fi • dr 

But the electric intensity £ is equal to the negative gradient of scalar poten- 
tial -vV. Also, at any distance r from e, fi = ^ r (by Coulomb’s law). Thus we 
have (see Fig. 1, c) 

e . e dr 

dV = -vV 1 dr =- 7 r • dr = — 

Let us denote by R the distance from e to the field point p-. Then, the potential 
at pu is equivalent to the amount of work done in carrying the test particle from 
infinity to p 2 by any path. That is 



co 


When computing the integration we may use the standard formula^ X n dx 
X n+1 /n+l, where X = r, and n = -2. Thus 



co 

where the limit approached by 


1 


•as r -» co is zero. 


Lim f 1 n], 
r -> co' r ' J 


Consequently, 3 


(1-4) 


V = 


e 

R 


This expression indicates that the potential is directly proportional to the strength 
of the source and inversely proportional to the distance from the sou 
point at which the potential is measured. 
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among other things, upon the particular kind of material of which the 
conductor is composed. The specific resistance of a conductor may lie 
defined as the amount of resistance offered by a cubic centimeter of the 
substance to the flow of current through it. If we denote by k (lie value 
of the specific resistance, its reciprocal 1/k is known as the specific con- 
ductivity of the conductor. The value of the potential has been found 
to vary inversely with k. In our example, the potential V varies directly 
with the strength of the source and inversely wilh the distance of the 
field point from the source. Hence, 


An electrical field may conveniently he regarded as made up of lines 
of flow and equipotenlial surfaces. A line of flow is defined as a line 
drawn in an electrical field in such a way that its direction at every 
point has the direction of the electrical intensity al that point. All 
lines of flow begin on sources and terminate on sinks. In our example of 
the poinl source in an infinite homogeneous volume conductor, the lines 
of flow commence al the source and extend outward in all directions 
along straight courses to terminate upon a sink "scattered at infinity." 

Thus far. the more important properties of an electrical field pro- 
duced by a most simple source distribution have been briefly discussed. 
It is observed that the relations connecting certain of these properties 
are likewise quite simple. Since the electrical field depends upon all 
the sources and all the sinks, as well as upon the size and shape of the 
conductor, the relations connecting the properties of the field will, in 
general, become more complex when the source-sink distribution is more 
elaborate or when the extent of Ihe conductor is finite and of asymmetri- 
cal form. 

Actually, the value of the potential at a field point cannot be measured 
conveniently. The instrument used is a galvanometer which must be 
connected with the field at two points by lead wires from its two 
terminals. An electric current then flows through the galvanometer 
from the field point at which the value of the potential is great, and 
enters the conductor at the field poinl at which the value of the poten- 
tial is relatively small. The strength of the current flowing through 
the galvanometer is proportional to the difference of the values of the 
potential at the field points under investigation. For Ibis reason the 
galvanometer is said to measure the potential difference (P.D.) across 
the two field points in question. The P.D. is commonly referred to as 
the measured electromotive force (EAI.F.). If Y, and V.. denote the 
great and small values, respectively, of the potential at the field points, 
we have 

(1-6) . . . E.M.F. — \\ - V... 

The current, in completing the body-galvanometer circuit, flows 
from one field point to the other through the galvanometer and back 
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to the point of high potential through the conductor of the field. The 
measured L.M.F. may, therefore, be looked upon as a vector quantity 
with a magnitude which is, determined numerically by the value of 
the P.D., a direction away from the point of low toward the point of 
high potential, and always a positive sense. 

The instrument in general use is the string galvanometer of the Ein- 
thoven type. Its essential parts consist of a horseshoe-shaped field mag- 
net with its north pole N and south pole S (Fig. 1, d ) opposing each 
other across a small gap. From the north pole N to the south pole S 
are straight parallel lines of magnetic force which comprise the effective 
magnetic field. Piercing the magnetic field at right angles to the lines 
of magnetic force is a delicate fiber (a quartz thread coated with gold' 
or silver) which conducts the current that is led off the electrical field 
under investigation. When this current flows through the galvanometer 
fiber, it creates an electromagnetic field about the fiber. The charac- 
ter of this field may be determined by the right hand rule, i.e., imagine 
the fiber grasped with the right hand in such a way that the thumb rests 
along the fiber in the direction of the current flow; the direction of the 
circular lines of electromagnetic force is then given by the direction of 
the fingers grasping the fiber. 

Let. us consider the gap where the field produced by the current in the 
fiber is impressed upon the field of the magnet. On one side of the 
fiber the directions of force of both fields are alike. On the other side 
of the fiber their directions are unlike. Consequently, the total strength 
of the two fields is greater on the former than on the latter side, and 
the fiber will move away from the strong, toward the weak, field. The 
displacement of the fiber is proportional to the strength of the current- 
flowing within it, and the direction of the displacement is according to 
the direction of the current flow. If the index finger of the right hand 
is held straight, and this finger and the thumb and middle finger are 
held in mutually perpendicular directions, and if the hand is now turned 
in such a way as to make the index finger point in the direction of the 
current flow within the fiber while the middle finger points in the dii ac- 
tion of the lines of magnetic force of the field magnet, the. direction of 
the thumb indicates the direction of the displacement of the fibei 
(Fig. 1, d). A source of light is used to cast the shadow of a smal 
segment of the fiber upon a moving' sensitive film. The motion of the 
film, together with the motion of the fiber, serves to graph the com 
pleted record. The motion of the film is at right angles to the line o 
displacement of the fiber. Consequently, time is the independent, an 
voltage the dependent, variable. Whether a given electrocardiographic 
deflection is positive (above the base line of the curve) oi negative 
(below the base line of the curve) will depend simply upon the direc- 
tion of the current flow within the fiber or upon the relative values oi 
the potential at the two field points under investigation. 
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SECTION II 


ON THE ELECTRICAL EFFECTS PRODUCED BY THE 
CARDIAC MUSCLE CELL 

Inasmuch as the electrical effects produced by a mass of! cardiac 
muscle represent the sum of t lie effects produced by the muscle cells 
individually, a discussion of the latter, more simple, mechanism serves 
doubly well for introduction. 

It is convenient to assume that the cardiac muscle cell is of cylindrical 
form. Actually its form is, for our present purpose, immaterial. Pre- 
sumably a protoplasmic layer bounds the cytoplasm and acts during 
certain periods as a semipcrmcable membrane with respect to the 
electrolytic content of the cytoplasm. A membrane of this kind permits 
cations to diffuse through it while it holds the anions back. Diffusion 
continues until the electrostatic force exerted between the ions on the 
two sides of the membrane is equal to the force of diffusion or osmotic 
pressure. Thus a state of equilibrium is reached, and the cell is said 
to be in the resting electrical state. The positive charge on the cations 
outside the membrane and the negative charge on the anions inside the 
membrane serve as the source and sink distribution for the production 
of an electrical field. The layer of sources on the outer surface, con- 
sidered together with the layer of sinks on the inner surface, is spoken 
of collectively as a double-layer. The magnitude of the source per unit 
of membrane surface is equal to the magnitude of sink per unit of mem- 
brane surface. The magnitude or strength of the source-sink distribu- 
tion per unit of membrane surface is the same for all parts of the mem- 
brane, and the cell is said to be polarized. The term “intensity of 
polarization” refers to the strength or electrical moment of double- 
layer per unit of membrane . 2 

The relation* V = <f> n is very useful in electrocardiographic analysis, 

*It is desirable to know the nature of the electrical field produced by the resting 
cell. The double-layer has the configuration of a closed cylindrical surface, and the 
cell is regarded as lying within a homogeneous conducting medium of large extent! 
The double-layer is regarded as composed of point sources and point sinks. Neglect- 
ing the nature of the substance of which the conductor is composed, the potential Vi 
at any point p due to a point source is given by' cqn(l-4) ; that is, 


and in a similar manner the potential V- at p duo to a point sink is given by the 
relation 


( 2 - 2 ) . . . 



rs 


where e and -e of these relations represent the strengths of the source and sink 
respectively, and where n and r; are the respective distances from the source nmi 
from the sink to the field point p. The potential V at p due to both source and sink 
is given by the sum of the right-hand members of eq ns (2-1) and (2-2) ■ that is C 


(2-3) . . . 



Upon writing the fractions 
numerator and the denominator 


with a common denominator 
by r- + n, we have 


and multiplying the 


(2-4) . . . 


e( r = “ r i \ 
\ rjr-O- + n] / 


(Footnote continued on next page.) 
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and its application is reasonably simple. V denotes the potential at a 
point in the field produced by an arbitrary area of double-layer. The 
numerical value of the constant <f> is not known at this time, and is, in 
fact, immaterial for our present purpose. Actually, <f> has the dimen- 
sions of an electromotive force across the double-layer, and its value de- 
pends upon a number of factors. 2 On the other hand, the solid angle 
is shown in Fig. 1, g, and appears subtended at an arbitrary field point 
p by the boundary of an arbitrary section of double-layer. The solid 
angle Q is defined and measured by the area of spherical surface cut 
off the unit sphere (inscribed about p) by the cone formed by drawing 
lines from p to every point upon the boundary of the double-layer. The 
sense of the solid angle is positive or negative, according to whether an 
observer stationed at p, and looking through the base of the cone, views 
the positive or negative charge on the double-layer. During this opera- 
tion the membrane is conveniently regarded as opaque. In practical 
application, it is not necessary to calculate the area cut off the unit 


Let us consider Fig. 1. c. The cosine law states that, for any triangle, the' square 
of the side opposite an angle is equal to the sum of the squares of the other two 
sides, less twice the product of these sides by the cosine of their included angle. 
Moreover, the supplementary obtuse angle is 180° - 0; thus, cos(180° - 6) = -cos 0. 
We may now express rs and n in terms of r, a, and 0. We get r; = v- + a 2 + 2ar cosO, 
and r 2 = r 2 + a 2 - 2ar cosfl. Consequently, v 2 - r 2 = -lav cosfl. inserting the right- 
hand member of the last relation for its identity in eqn(2-4), we have 


( 2-51 • 


V = e 


4ar cosfl 
nr:(r: + r>) 


Inasmuch as the source and sink lie very close together, a is very small in com- 
parison with r, so that n and r- become nearly equal to r. Here, the 
distribution is known as a doublet, and the denominator of the fraction in eqn(J-5) is 
equivalent to 2r 3 . Thus 2 

„ cosO 

(2-6) ... V = 2ae— 

If we denote the constant 2ae by d. the latter is known as , the moment of the 
doublet, and the right-hand member of eqn(2-6) becomes d cosfl/r . 

The double-layer under consideration may be regarded as composed of a sheet 
of doublets arranged to form an arbitrary curved surface S, m \l ementary 

each doublet is in the direction of the outward drawn normal to S. , , 

potential dV at p, due to an element ds of surface S, may be written down at once 

from eqn(2-6). Thus, 

(2-7) ... 

where r is the distance from ds to p ; N (Fig. L /) Ys ® t l?e* ‘el ec t ri cal^ moment™ of 
to S ; 0 is the angle made by N and r; and <5. a constant , is i the made by 

the double-layer. Let a sphere of radius r be inscribed p. equivalent to 0, 

ds and the small portion of the spherical surface adjacent to ' ^f cuIar inasmuch 
for the corresponding sides of these angles are mu .t l *allj A ,, Don t], c spherical 
as ds is an infinitesimal, cosfl ds is merely the projection of ds upon me si* 

surface of radius r. i; n ps 

Let a spherical surface of radius r ' = unity I 1 *? 01 ' 1 cone thus formed cuts 
be drawn from p to every point upon the boundary of ds. The spherical sur- 

an area of spherical surface da’ from the unit sphere, and an a -P e | emen t ar y 

face cosO ds from the sphere of radius r Moreover. da is ; defined as mi e_ ^ , 

solid angle subtended at p by the boundary of ds. Tw from concentric spheres 

for both cosO ds and da are areas of spherical surface cut off morn un jtv Hence, 
by the same cone. In this last equality, however, ^ ‘ *s - simp J 
cosO ds/r 2 r= da. Consequently, dV — d da, which, on integiation, 


, _ cosO . 
dA r = d-yj- ds, 


(2-8) . 


\ r = d 


ff 


d« 




The surface integral expresses the sum of all tbe . eI ?.™ e ^ angle defined and 
tended by the surface elements of S at p. Hence, - is the so drawing lines 

measured by the area cut from the unit sphere by the cone fo 
from p to every point upon the boundary of the double-la} e o. 
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sphere by the cone. On the eonlrary, it is sufficient to simply visualize 
geometrically the magnitude and sense of the solid angle. Inspection 
of Fig. 1. (j shows at once that the magnitude of the solid angle is en- 
tirely independent of the configuration of surface of double-layer. 

It. will be instructive to examine further the potential of the field pro- 
duced by the arbitrary hemispherical distribution (Fig. 1, (j ) of double- 
layer. If the field point lies anywhere in the plane circumscribed by the 
boundary of the double-layer, the cone degenerates into this plane sur- 
face and cuts off half of the surface of 1 ho unit sphere inscribed about 
the new field point in question. The whole surface of the unit sphere 
is 4 tt. lienee, the magnitude of fi is 2- for all points in the plane 
specified. If the field point is anywhere in the extension of this plane 
beyond the boundary of the double-layer, the cone again degenerates 
into a plane surface, but cuts no area off the unit sphere. Consequently, 
n is zero and the potential at any such point is zero. Finally, if the 
field point is anywhere upon the axis normal to. and intersecting, the 
center of the plane circumscribed by the boundary of the double-layer, 
£2 is numerically maximum with respect to its value at all other points 
not on the axis at a like distance from the intersection. 

Let us now choose any field point p, inside the closed surface of double- 
layer of the resting cylindrical cell. Let any plane whatever be passed 
through Pj, thus dividing the closed surface of double-layer into two 
parts. The magnitude of £1 at p,, due to one part of f ho double-layer, 
is 2 77 and negative. The magnitude of £? at p,, due to the other part of 
double-layer, is likewise 2tt and negative. Hence the potential at any 
point p n inside the resting cells, is and this value holds for a rest- 
ing cell of any shape whatever. 

Let us denote by p., any field point outside the double-layer of the 
resting cell. We may let any plane whatever pass through the closed 
surface of double-layer, thus dividing it into two parts. The solid 
angle subtended at p 2 by the boundary of one part of the double-layer is 
equal in magnitude and opposite in sign to the solid angle subtended 
at Pj. by the boundary of the other part of the double-layer. Hence the 
potential at any point outside the closed surface of double-layer is zero. 
Moreover, the potential difference encountered while traversing the 
double-layer is 

The foregoing relations arc based on the assumption that the extent 
of the conductor is infinite. They must hold for practical purposes, 
however, in defining the potential of the field near by a double-layer 
situated at the center of an extensive homogeneous volume conductor. 

When the resting cell is stimulated, a change in the characteristics of 
the membrane takes place at the point of stimulation and spreads with 
a uniform velocity in all directions throughout successive elements of 
membrane. The first event in the change of membrane characteristics 
is such that the polarity of the source-sink distribution is reversed. 4 The 
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term accession has become attached to the initial reversal of polarity. 
The apparent movement of the reversal process along successive elements 
of membrane is referred to as the accession wave. When the polarity of 
the double-layer has become reversed at all points, the cell is said to be 
in the active or excited electrical state. In a relatively brief time after 
accession, a second wavelilce change of membrane characteristics takes 
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place. Essentially, the change consists of a second reversal of polarity 
and is referred to as regression. The apparent movement of the sec- 
ond reversal over the cell is called t he regression wave, the rate of 
regression at a point (or of a. single element oi. membrane) is much 
slower than the rate of accession at a point. The velocities ol: the two 
waves, accession and regression, tend to he like and uniform. 

In the region of the cell where accession is in progress (Fig. 2, a), 
a succession of interfaces cuts flic membrane at right angles, one inter- 
face for each phase of polarity reversal. If the rate ol. reversal at a 
point is sufficiently rapid, so that the length p 3 p, of accession is prac- 
tically instantaneous, we may let <f> x and </>, denote the respective mo- 
ments of the resting and the excited double-layers* Consequently, the 
accession potential is directly proportional to the constant given by the 
sum of </q and <£-. 


•From eqn(2-8) 
(2-9) . . . 


we get for the accession potential Y« 


V. 


(tfl + 0l) 



du 


(01 + 00 


n 


s 

where 0i and 0: are the respective moments of the resting and the excited double- 
lavers, and where V. is the solid angle subtended twice (at the field point at which 
V, is measured) by the boundary of the resting and the excited double-layers. Out- 
side the cell the magnitude and the sense of 0 arc the same, respectively, with each 
subtending, whereas they differ respectively with each of the two subtendings at an 
Inside point. In the particular case where 0i = tv. V. at any outside point is given 
by 20 i (!, and at any inside point in the plane of the wave. V* is zero. In the par- 
ticular case where 0: = 0i/2, V. at any outside point is 30t (1/2, and at any Inside 
point in the plane of the wave V» = -rr0t. 

In general, the variety of surface over which the integral of eqn(2-9) Is taken 
will be one of throe kinds, a first, a second, and a third. A surface of the first kind 
is defined as closed, and the integral vanishes, so that V» is zero. A surface of the 
second kind is defined as bounded by one closed curve situated at the epicardial or 
the endocardial surface of the ventricles, and it is by this closed curve that the solid 
angle is subtended. A surface of the third kind is defined ns bounded by two or more 
closed curves, and V» is given proportionally by the sum of two or more solid angles 
reckoned with their proper sense and subtended by whatever number of closed curves 
are formed upon the ventricular surfaces. 


The regression potential V r at any point outside the lamellar source-sink dlstribu 
tion is given by 5 


( 2 - 10 ) . . . 


Vr 


f f (0» + 0.) 


where 0 j and 0i are the respective moments of the resting and the excited types of 
double-layer ; r is the distance from the surface element ds to the field point at which 
V r is measured ; and 0 is the angle made by r and the outward drawn normal to ds. 
In general, the values of the moments differ both with respect to one another and 
with respect to one lamella ns compared with another. At any given instant during 
regression, the source-sink distribution is composed of lamellae of the first, second, 
and third kind, singly or in combination. If all lamellae arc of the first kind, the 
integral vanishes and Vr is zero. The boundary of lamellae of the second kind and 
the boundaries of lamellae of the third kind are all closed curves upon the endocardial 
and epicardial surfaces of the ventricles. The regression potential, except for a pro- 
portional factor, is given by the sum of the solid angles subtended by the aggregation 
of closed curves. The potential of a zone of injury or ischemia is likewise dependent 
upon an aggregation of closed curves constructed upon the ventricular surfaces 
(Fig. 9). 


Evidently, the important conclusion follows that the accession potential, the regres- 
sion potential, and the injury potential depend only upon the activity of the muscle 
units at the ventricular surfaces, and arc independent of the activity of the muscle 
units between these surfaces. In the case of local muscle death, the residua) living 
muscle possesses a new and abnormal surface adjacent to the dead region, a surface 
at which certain of the closed curves must lie. The general conclusion which states 
that the normal or abnormal electrocardiogram may be reckoned from an aggrega- 
tion of closed curves constructed upon the muscle surfaces is further supported by 
the well-known physical fact that the field strength fi at any field point outside a 
distribution of the kind herein considered may be expressed not only by the negative 
gradient of scalar potential, but also by the sum of a number of vectors, each of 
which is given by the curl of the curve-potential of a closed curve multiplied by the 
respective moment. 8 J 
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If tlie accession wave, having commenced at A, reaches B before re- 
giession begins, the excited double-layer is closed. Thus, everywhere 
outside the excited cell the potential is zero, and, everywhere inside, the 
potential is 

Fig. 2, b illustrates the situation encountered during regression. In 
the upper diagram, regression has commenced at the end, A, of the cell, 
and the front of the regression wave is advancing in the direction of B. 
The second reversal of polarization is occurring throughout the shaded 
region. In the center diagram, the front of the wave has reached. B 
before the tail of the wave appears at A. Here, the length of the re- 
gression wave exceeds the length of the course over which the wave 
appears to pass. Consequently, the whole surface of the cell is in the 
process of reversing its membrane polarity. In the lower diagram, the 
tail of the regression process is seen advancing in the direction of B. 
Throughout the unshaded regions, the subdivision of the cell is in the 
excited state (upper diagram) and in the resting state (lower diagram). 

Throughout the shaded regions of the diagrams, it may be regarded 
that there is a succession of double-layer boundaries in pairs. The two 
double-layers associated with any one pair of boundaries differ in that 
their polarities with respect to the two sides of their membranes are un- 
like. They likewise differ in the configuration of their surfaces, i.e., 
one is concave toward A and the other is concave toward B. Each pair 
of boundaries defines a lamina of source-sink distribution which defines 
the local subtotal change of polarization. The total distribution is said 
to be lamellar. The electrical moments of the various laminae differ, 
inasmuch as the rate of regression at a point is not constant.® The re- 
gression potential is, therefore, a function of the rate of regression at 
a point. 

The deflections on the completed record produced by regression are 
called the regression deflections, whereas those produced by accession 
are called the accession deflections. 

The foregoing considerations make it clear that a cell in the resting 
or in the excited electrical state produces no outward electrical man- 
ifestations. Consequently, all of the normal electrical manifestations of 
the heartbeat occur while the heart’s cells are in the process of passing 
from the resting into the excited state, and again while the cells aie in 
the process of passing back from the excited into the resting state. 

Because of more or less obvious technical difficulties, the electiical 
effects of a single cardiac muscle cell cannot be recorded. A mass of 
cardiac muscle immersed in an extensive homogeneous conducting me 
dium acts, however, in a manner altogether similar to that deseiiiec 
for the single cell. 5 As the accession wave spreads from one cell to 
another in a direction everywhere away from the point of stimulation, 


See footnote page 7 SI. 
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the effective boundaries of the double-layers move, or appear to move, 
along the limiting surface of the muscle mass, and the solid angle sub- 
tended by them is equivalent to the sum of all the solid angles subtended 
by the many boundaries of all the double-layers of all the cells which 
are involved by the accession process at the instant considered. 

For the purpose of recording the potential at a point, one electrode, 
the exploring, is placed at a point in the conductor near the muscle under 
investigation, whereas the other electrode, the indifferent, is placed at a 
relatively remote point at or near the surface of the conductor. Under 
the circumstances, the potential at the indifferent electrode is relatively 
small in comparison with simultaneous values of the potential at the ex- 
ploring electrode. Consequently, the effects on the completed record 
may be regarded as characteristic of the potential fluctuations at the 
exploring electrode only. 2 This method of leading is comparable to the 
method now widely used for recording the so-called chest leads in man, 
where the exploring electrode is placed at some desired point on the 
precordium and the indifferent electrode is placed on one of the ex- 
tremities. 

When recording the so-called extremity leads, Lead I is recorded 
from' the upper extremities, Lead II is recorded from the right arm 
and left leg, and Lead III is recorded from the left arm and left leg. 
The extremities involved are regarded as mere continuations of the 
lead wires from the galvanometer. Consequently, the points on the con- 
ductor actually under investigation are R at the right shoulder, L at 
the left shoulder, and F at the symphysis pubis. 

With respect to the three points R, L, and F, the electrical forces in 
the various elements of the accession or the regression wave act as if 
they were concentrated within a small region at the center of the frontal 
plane of the body, in the periphery of which the three points lie. Since 
each force may be represented as a vector, 3 the sum of all forces at an 
instant must give a vector, the instantaneous cardiac electromotive force 
of which, we may denote by E. If the instant under consideration is 
within the auricular or the ventricular accession interval, E is known 
as the instantaneous axis of accession. When the position within the 
heart (at any instant) of the accession wave is known, it is an easy 
matter to construct E in the proper direction in space with a propor- 
tional magnitude. Let us suppose that the accession wave at an instant 
is in the form of half a tennis ball, expanding outward through cardiac 
muscle from a point of stimulation. The cut edge of' the tennis ball cor- 
responds to the circular boundary of the wave which necessarily resides 
at the surface of the muscle mass in which the wave is traveling. In 
effect, the source is distributed over the advancing surface of the wave 
(outer surface of the hemishell), and the sink is distributed over the 
trailing surface of the wave (inner surface of the hemishell). We next 
consider the imaginary plane surface denoted by S, which is circum- 
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scribed by the wave boundary (cut edge of the hemisheU). The imag- 
inary plane, S, is regarded as polarized in a sense similar to that of the 
wave. E always lies perpendicular to S, and is directed away from the 
negative, toward the positive, side of S. The length or magnitude of E 
is then constructed equal in units of length to the area of S in units 
of area. By construction, it is clear that the instantaneous cardiac 
electromotive force E is independent of the configuration of the surface 
of the accession wave, and depends, in a proportional way, only upon 
the position in space of, and the plane area included by, the boundary 
of the wave. The foregoing construction is summed up in the simple and 
important relation 8 

(2-18)*... E = Se, 


or 


/ - 


*It is desired to know the effect upon the extremity leads of an arbitrary open 
double-layer. For this purpose let us assume that the extent of the conductor (body 
trunk) is limited to the volume of a large sphere of radius K (Fig. 2, c ). The effect 
of the limiting surface of the conductor upon the value of the potential is such that 
the latter must be distributed everywhere within the interior and yet vanish every- 
where outside. The potential of a doublet in an infinite conductor is described by 
relation (2-6). From this relation an expression may be obtained which satisfies the 
given boundary conditions. A fundamental equation of theoretical physics states that 
the electric intensity & is equal to the negative gradient of scalar potential ; that is, 


( 2 - 12 ) 


£ = -W 


where, for our present purpose, the operator del is equivalent to 

S . 6 

ri <5 r + e > r <5 0 ’ 

Here, ri and q, are unit vectors in the directions of r, increasing, and 0, increasing, 
respectively. Thus the components of the electric intensity are given by the ex- 
pressions 

5 V . , „ « V 

iff r — — 


r 


and Ec = - 


r 6 0' 


Eqn (2-12) shows that, if the electric intensity vanishes, the potential vanishes. 
For the large spherical conductor of radius R, the component of the gradient in the 
direction of 0 , increasing, is, by symmetry, everywhere tangent to the surface of the 
conductor. Tlius, in order to adapt eqn(2-6) to the given boundary conditions, we 
have only to consider the component of the gradient in the direction of r inci easing. 
That is, . 

(2-13) ... Er — --yr - } = 20 C0S ° 

and, if the right-hand member is to vanish when R = r, we must have for om solu- 
tion an expression which, when differentiated with respect to r, gi\ es -f' CO.w/i - 
20 cosff/r 3 . Moreover, eqn(2-13) shows that our original solution is the fiist teim oi 


2r 

the solution sought. For the second term let us try 0 c osfl-gy, 


Then 


Consequently, 
(2-14) . . . 


A (0 cosO ~ ) 


0 COS0 


20 cos/)—. 


„ 2r 
- + COS0 


1 2r 

= 0 CO sO (-p- + 

and is the solution sought. Let us now replace the doublet in the p S 5m»lT5tv C< we l nmy 
by the arbitrai-y curved surface of accession double-lajer S. rctimscribe? a 

assume that the boundary of the double-layer is circular V,. iV,-o conductor, 

plane area S, the center of which coincides vv'tli the 1 c0 Ti Cr i.?,(„ r l ; t l ,‘nA-ed or piano 
Actually, it is immaterial whether the contour of the other form, 

or of some other form, or whether its boundary is circular or of .omc 

(Footnote continued on next parte.) 
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where E appears as a vector and S as the magnitude of tire unit vector 
e, drawn in the direction of the outward normal to the positive surface 
of S. Having determined E in this manner, it is an easy matter to 
visualize geometrically the effects produced by E at the instant under 
consideration on the potential differences recorded in the three ex- 
tremity leads. 

In any instant at which E exists, the effect on the extremity leads is 
described, in a proportional way, by the projections of E upon the lines 
of the leads. To illustrate, let the so-called lead lines, RL for Lead I, 
RF for Lead II, and LF for Lead III, form a triaxial reference system 
(Fig. 2, d). The reference axes arc seen to divide the frontal plane of 
the body into sextants. Each reference axis has a positive and a neg- 
ative half, divided by the origin 0. The factor which determines the 
sense of the half-axes is the arbitrary method adopted for recording the 
“standard” extremity leads. Thus, the method adopted for recording 
Lead I is such that, when the potential at L is positive with respect to 
the potential at R, the potential difference recorded produces an up- 
ward (positive) movement on the completed record. Likewise, if the po- 
tential at L is negative with respect to that at R, the potential dif- 
ference recorded produces a downward (negative) movement on the 


to eqn(2-9). 


The elementary potential ilV» at any field point nearby is, according 

given by COS 0 

dV. = ($1 + M ~ ds 

Here, the plane area S over which integration is to he performed is equivalent to 
the open spherical surface of double-layez\ inasmuch as their boundaries are co- 
incident and the strength and polarities of each are respectively identical. For the 
potential at any point in the conductor of radius R we have 5 

(2-15) . . . dV» = <p cos 0 (-i- + -^j-) ds 

where <t> in this relation is taken for <P\ + <tn. Since we are 
of the potential at points upon the surface of the conductor 
reduces to 5 


interested only in values 
where r = R. eqn(2-15) 


(2-16) 


V. 




cosO ds 


Let Vi and Vs denote the values of the potential at the field points pj and p-i, 
respectively, and let pi and p: be chosen at the termini of the diameter of the 
spherical conductor which passes normal to, and through the center of, S. Moreover, 
let pi and ps be chosen in such a way that when one is stationed first at the former! 
and then at the latter, point, upon looking along the diameter, he views first the 
source and then the sink of the accession double-layer. The electromotive force £ 
across Pi and P: may now be determined from eqn(2-lG). By definition the matrni- 
tude of £ is Vi - V 2 . Also, ‘ ’ 


and 




(2-17) 


E - - 


The value of cos0 in these expressions is unity and minus uni-tv resnectivelv 
kiyer te*® reIatl0n wh,ch describes the electromotive force of the accession double- 

y§ 0 

R a ’ 

. S is the plane area or analytic surface circumscribed by the bounrlnrv tiio 

magnitude G.S/R 5 If we neglect the SoSnV ci/iV ’’we obtafnTjmsirnp!^ V^luon 
(2-18) ... b = S6 

a°." stfws SSK or 
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completed record. If the potential at F is positive with respect to that 
at R or at L, the potential differences recorded in Leads II and III 
produce upward (positive) movements on the completed record. 

Let us suppose that E in Fig. 2, cl is proportional to the accession 
electromotive force at a given instant. The projections of E upon the 
three reference axes describe the potential differences V„ V 2 , and V 3 . 
The movement in all three leads is upward (positive) and is greatest 
in Lead II and smallest in Lead III. In order that E in the reference 
plane may describe the full value, proportionally, of the effects of the 
accession wave, the boundary of the wave must lie in some plane per- 
pendicular to the plane of the reference system. Inasmuch as the 
boundary of the wave is not restricted in this manner, the vector E 
is not restricted to the plane of the reference system. In order to in- 
dicate the electromotive force which is not restricted to the plane, of 
the reference system, we may prefix the letter s before the vector, in- 
dicating a spatial axis (free to move in three-dimensional space). Ac- 
cordingly, the vector E is always taken as the projection of sE upon 
the plane of the triaxial reference system. Obviously, if sE is normal to 
the frontal plane, B is zero. Consequently, electromotive forces directed 
normal to the frontal plane of the body do not affect the extremity leads. 
In the particular ease in which sB lies in the frontal plane, E = sE. 

We are now in position to ascertain the effects on the extremity leads 
which occur during cardiac accession. Let us simplify the problem by 
substituting for the heart a spherical mass of cardiac muscle (Fig. 2, e). 
Let us suppose that stimulation occurs at A. Successive positions of 
the wave boundary appear in the order numbered as the wave approaches 
B. Here, the points A and B are regarded as lying in the triaxial ref- 
erence plane, so that sE = E. Moreover, the magnitude of E increases 
progressively, reaching a maximum at the time at which the boundary 
of the wave forms a g’reat circle. Thereafter, the magnitude of E de- 
creases progressively to become zero as the wave reaches B. The di- 
rection of E is constant during the accession interval, and is such that 
E occupies the sixth sextant. During the accession interval, the 
terminus of E may be regarded as tracing out a segment of the line 
AB twice, commencing and ending at the origin 0 of the triaxial ref- 
erence system. 

Keeping the foregoing factors in mind, the potential differences pro- 
duced on the extremity leads throughout the accession interval may he 
visualized by inspection of Fig. 2, d. The form of the deflections is 
shown in Fig. 2, /. Each group of three potential differences determined 
on the triaxial reference system by a, given magnitude of, and direction 
of, E defines a group of three simultaneous ordinates under the curves 
of Leads I, II, and III. As the actual accession wave progresses in the 
heart, sE varies continuously in magnitude and direction throughout 
three-dimensional space. 
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SECTION III 

FURTHER CONSIDERATIONS OF CARDIAC ACCESSION 

The present state of our knowledge of the path by which the acces- 
sion wave spreads over the heart permits only an approximation of the 
manner in which the P and QRS deflections are formed. There appear 
to be at least three distinct advantages, however, in attempting an ap- 
proximation or synthesis of the kind herein undertaken. It will serve, 
first of all, as the introduction of a method by which a more detailed 
synthesis can be made when more data are known; it will serve, sec- 
ondly, as a means of pointing out the more important factors upon 
which the form of the accession deflections depends ; and, thirdly, it will 
offer a reference scaffold with respect, to which certain valuable in- 
ferences may be drawn regarding the abnormal electrocardiogram. 

Let us assume that the position of the heart within the chest is nor- 
mal, and halfway between the vertical and horizontal; that the specific 
conductivity of the body is normal; that the normal order of accession 
occurs; and that the order is known. It then becomes possible to 
estimate the proportional magnitude and direction in space of the 
instantaneous axis sE of cardiac accession at various critical moments 
during the accession (P and QRS) intervals. These data will, in turn, 
give the imaginary path described in space by the terminus of sE. The 
path thus described during the auricular accession interval is called 
the P sill-loop, whereas the path described during the ventricular acces- 
sion interval is called the QRS sE-loop. These loops, including the T 
sE-loop, are referred to collectively as the vectorcardiogram. When 
their form has been determined analytically it is an easy matter to 
visualize geometrically the form of the extremity leads. 

QRS 

The accession wave invades the junctional tissues (A-Y node, His 
bundle and branches, and the Purkinje network) during the down- 
stroke of the P deflection. This fact is obvious, for the A-Y node must 
be reached at the time when auricular accession is approximately half 
complete. The velocity of the accession process through the Purkinje 
network has been estimated at ten times that at which it spreads through 
the auricular muscle. 

Let us consider further the relation, 

(2-18) ... sE = Se, 

where sE is the spatial cardiac electromotive force; S is the imaginary 
plane circumscribed by the boundary of the ventricular accession wave, 
and is considered polarized in the same sense as the wave; and e is a unit 
vector in the direction of the outward drawn normal to the positive sur- 
face of S. When two or more vectors are added to give a resultant 
vector, the members of the sum are referred to as the components of 
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the resultant vector. A vector is, therefore, equal to the sum of all 
its components. Thus if 

(3"^-) • • • sfi = S 1 e 1 + S 2 e 2 +’ S 3 e 3 . . . etc. 

each member on the right-hand side is a vector quantity representing 
a component of the resultant electromotive force sE. Each of the 
analytical areas S n So, S ; , . . . etc., is circumscribed by a separate 
boundary of the accession wave. The number of these boundaries ex- 
isting simultaneously determines numerically the number of such areas. 
On the other hand, e 1} e„, e ; „ . . . etc., are unit vectors drawn in the 
direction of the outward normals to the respective positive surfaces of 
the analytical areas. 

During the brief period in which the accession wave is passing 
through the junctional tissues, there is an analytical area S in the 
cross section of each Purkinje fiber, and the cardiac electromotive force 
sE is given according to eqn(3-l) ; that is, by the sum or resultant of all 
such component forces existing at tire instant considered. There ap- 
pears to be no related displacement of the galvanometer fiber during 
the conduction interval. Presumably, the magnitude of sE is insuf- 
ficient to affect the completed record. It follows directly that the 
onset of QPS occurs shortly after the instant at which the accession 
wave begins to invade the ventricular muscle. 

Let us assume that ventricular stimulation takes place at many 
points simultaneously upon the endocardial surface of the ventricular 
muscle. An accession wave of hemispherical form must then develop 
about each point of stimulation. The boundaries of the many waves 
thus formed define as many analytical areas which may be looked upon 
as so many subendocardial islets. 

If some of the Purkinje fibers have pierced the ventricular muscle, 
they lead to deep points of stimulation. Each of the accession waves 
which form about the deep points of stimulation must have the form 
of a spherical, closed surface. Each such surface must remain closed 
until it reaches, by expansion, the limiting surface of the resting muscle 
mass in which it is traveling. As long as the many spherical surfaces 
of accession remain closed, they can make no contribution to the heart s 
electrical field. In this respect the closed accession surfaces under- con- 
sideration act in a way altogether similar to the single resting or ex- 
cited cell. Consequently, the total effect will be the same, or nearly 
the same, as it would if stimulation took place at subendocardial points 
only. 

A short interval later, the subendocardial islets become confluent, at 
which time two larg'e shells, Sn and Sl (for the right and the left ven- 
tricle, respectively), are formed by the now continuous contour of the 
accession wave. The contour of either shell must be very nearly that 
of the homolateral endocardium, and have boundaries approximately 
coincident with those of the four valve openings. The four boundaries 
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thus indicated may be looked upon as forming a single analytical sur- 
face, Sp circumscribed by the inner edge of the auriculoventricular 
junction. Clearly, the positive surface of the analytical area S x is 
directed toward the ventricular apex. 

If the distribution of the points of ventricular stimulation is not uni- 
form, there must be a greater density of islets in the regions to which 
the distribution of Purkinje tillers is most dense. No such subendo- 
cardial regions have been demonstrated as yet, and we shall, therefore, 
omit a consideration of them. On the other band, if some region of 
subendocardial muscle is stimulated relatively early, this region must 
have islets of relatively greater circumference. 

For the moment, let us assume that there are no such regions of early 
stimulation. Consequently, all of the islets must have the same dimen- 
sions simultaneously. This is equivalent to regarding the area S* as 
made up of uniformly scattered particles, or of a uniform density. Be- 
fore the subendocardial islets appear, the density of S t is zero. When 
the subendocardial islets expand and become confluent, the density of 
Si is unity. Consequently, the density, D, of S, may be regarded as 
increasing from zero to unity throughout the initial phase of ventricu- 
lar accession. The electrical effect of the initial phase is defined by 
the relation 

(3-2)... sfi! = D(SA) 

where is a unit vector drawn in the direction of the outward normal 
to the positive surface of S x . During the initial phase of ventricular 
accession it appears that the magnitude of sE increases from zero to S lf 
at the end of which time the shells Sr v and Si, are intact. Consequently, 
the terminus of sE traces out a path which is collinear with a line 
drawn from the center of the ventricular base toward the apex ; that is, 
from the origin 0 of the triaxial reference system into the sixth sextant. 

Anatomic studies have shown 9 that the left main branch of the His 
bundle gives off “early” branches which supply the anterior basal re- 
gion of the interventricular septum. There are no “early” branches 
of the right main branch of the His bundle. The right main branch 
travels for a considerable distance toward the apex of the right ventricle 
before giving off branches to the septum. From this it may be con- 
cluded that the specified subendocardial region of the left septal sur- 
face is a region of relatively early stimulation. The islets of this region 
are, therefore, of relatively large circumference during the initial phase 
of ventricular accession. The component electromotive forces generated 
by the region of early stimulation arc directed, in the sthenic . adult, 
upward and forward, toward the sternum. Because of the preponder- 
ance of the early septal forces, the initial segment of the QES sE-loop 
bends in a nearly similar direction, after which the loop courses down- 
ward and to the left in its previously described direction toward the 
ventricular apex. 10 
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During the subsequent, brief period of ventricular accession, the 
shells S u and S Tj expand in the direction of the ventricular epicardium 
and toward each other within the septum. The expansion is attended 
by a relatively small increase in the area S„ with a further motion of 
the terminus of sE toward the ventricular apex. Expansion of the shells 
continues until one of the shells makes contact with the epicardial sur- 
face at a point where the subjacent ventricular wall is thinnest. Let us 
assume that this point is on the anterior aspect of the right ventricle, 
about halfway from base to apex. At the epicardial point specified, the 
shell S R necessarily develops a new boundary which, on further expan- 
sion of the shells, must itself expand rapidly in all directions over the 
anterior aspect of the ventricular chambers, only to converge promptly 
over the posterior aspect of these chambers toward a second, posterior, 
epicardial point, located where the subjacent ventricular wall is 
thickest. 

We may denote by S 2 (Fig. 3, l>) the plane analytical area circum- 
scribed by the new boundary. Obviously, the positive surface of S 2 is 
directed toward the spine. Whenever the first and second analytical 
areas exist, sE is defined by the I’elation 

(3-3)... sE — S 1 e 1 + S 2 e 2 . 

On first thought, the boundary of the second analytical area may ap- 
pear to become confused with that of the first as the former sweeps over 
the epicardial surface of the ventricles. Let us consider the points of 
contact of the two closed curves. At first contact, there is only one 
such point, then two, and finally one again. At any instant when two 
points exist (see Fig. 3, b), we may connect them with the line AB and 
note that AB forms a common boundary segment closing both of the 
boundaries of S x and S 2 . In this way it may be observed that the dorsal 
motion of the second analytical area S 2 results in decay of the first 
analytical area S r 

Clearly, the circumferential variations of the areas S, and S 2 must, 
according to eqn(3-3), cause the terminus of sE to part from its course 
in the direction of the ventricular apex and sweep in a dorsal direction, 
at first increasing its distance from the origin, and then decreasing 
this distance to zero as the final direction of sE becomes that of a line 
drawn from the center of the heart toward a point on the posterioi 
epicardial surface where the area S, vanishes. 

It is possible in this manner to construct synthetically the path de- 
scribed in space by the terminus of sE during the QRS or ventriculai 
accession interval. The path is the QRS sE-loop of the vectorcardio- 
gram. The projection of the loop upon the triaxial reference plane 
(Fig. 3, c) is the QRS E-loop of the vectorcardiogram. The figure also 
illustrates the relationship of the QRS E-loop to the form of the QRS 
complex of the extremity leads. 
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All excellent idea of the position in space of the QRS sE-loop may be 
gained by bending a pipe cleaner into the form of the loop and casting 
a distant light upon it, so that its shadow is thrown upon a card upon 
which a triaxial reference system has been described. 

Let us define the anatomic axis of the heart as a vector, St, drawn 
from the center of the ventricular base toward the ventricular apex. 




Fig-. 3. — (a) Projection of the auricular accession effects- upon the triaxial refer- 
ence plane. They constitute the P fi-loop of the vectorcardiogram, (t) TYp analytical 
surfaces, or areas Si and S; of normal ventricular accession, (c) Showing the 'rela- 
tionships between the QRS f-loop of the vectorcardiogram, the triaxial reference svs- 
tem, and the associated deflections of the extremity leads, (d) and (el Depicting the 
farcts° f See 5 text^ £ '* oop as altered, respectively, by posterior and anterolateral in- 



792 


AMERICAN HEART JOURNAL 


Positive rotation of the ventricles about ft is regarded as that motion 
which appears counterclockwise to an observer stationed at the terminus 
of ft, whereas negative rotation of the ventricles appears clockwise. It 
is highly advisable to study, in the manner suggested, the effects upon 
QRS of the extremity leads produced by elevation and fall of the free 
extremity of the loop. These motions will serve to explain clearly the 
highly complex variations of QRS of the extremity leads caused by 
motion of the heart as the result of breathing. 

VENTRICULAR HYPERTROPHY AND BLOCK 

An increase in the thickness of the ventricular walls affects the order 
of ventricular accession, or the form of QRS. The part played by this 
factor may be easily reasoned from a consideration of the part played 
by the normal thickness of the ventricular walls. It should be pointed 
out, however, that hypertrophy of one or both ventricles may produce 
a significant change of position of the ventricular mass, and thereby 
alter the form of QRS in this manner also. 

Variations, . whether normal or abnormal, in the architecture of the 
Purlrfnje network alter the manner of ventricular stimulation, the 
order of ventricular accession, and the form of QRS. The abnormal 
variations in the network are responsible for QRS changes ascribed 
to intraventricular block. 

At times it is difficult, if not impossible, to ascertain whether one or 
a combination of factors, hypertrophy and block, is responsible for the 
QRS changes encountered. In any event, the ventricular accession in- 
terval is prolonged. Data on the velocity of the ventricular accession 
wave suggest that hypertrophy of the ventricles rarely prolongs the 
QRS interval beyond 0.10 second. Apparently, hypertrophy of the nor- 
mally thin right ventricle rarely prolongs the QRS interval beyond 
0.09 second. 

In general, hypertrophy tends to produce an increase in the ampli- 
tude of certain of the QRS deflections, whereas intraventricular block 
tends to produce marked slurring and notching of these deflections. 

During the analysis of bundle branch block curves, it is all-important 
to remember that, in the initial stages of ventricular accession, only the 
contralateral shell develops and is responsible for the initial QRS de- 
flections. During the final stages, no liomolateral shell develops because 
of the abnormal manner of (retrograde) stimulation. Thus, the broad, 
final QRS deflections are written by the abnormal accession of the 
homolateral ventricle. 

ON LOCAL MUSCLE DESTRUCTION 

(infarction) 

Destruction . of ventricular muscle, recent or old, local or diffuse, com- 
plete or incomplete, results in an absence, during accession, of electrical 
forces which were previously present within the dead .region. The 



BAXLEY : INTERPRETATION OF ELECTROCARDIOGRAMS 


793 


character of tlie associated QRS changes depends, quite generally, upon 
the location and degree of the damage. For example, diffuse damage 
or fibrosis of uniform degree may be regarded as diminishing propor- 
tionally the numerical values of the analytical areas of ventricular ac- 
cession, thus diminishing, in turn, the amplitude of the associated acces- 
sion deflections without extensively changing their form. 

On the other hand, the limits of a localized, severely damaged region 
define, at some time during accession, a new and abnormal boundary 
for one or both of the shells Sn and Sl, accoi’ding to the points of con- 
tact of the shell or shells with the limits of the damaged region. Each 
new and abnormal boundary circumscribes a new and abnormal an- 
alytical area which, in turn, accounts for a new and abnormal com- 
ponent of the electromotive force sli. Each component thus created 
supplies an additional term to the right-hand member of relations 
(3-2) and (3-3), according to when the new force exists. 

It may appear paradoxical that the presence of a dead region, which 
is electrically inert, is accounted for by the addition in this manner of 
a new component electromotive force. The force arises, however, in 
consequence of the now unopposed forces in the diametrically opposite 
region of the involved shell. As a matter of fact, the new and ab- 
normal force is itself the resultant of the newly unopposed forces of 
the involved shell. 

Let us use the expression S 3 e 3 to describe an abnormal electromotive 
force of the kind under consideration. The analytical area S 3 is cir- 
cumscribed by the boundary of the accession wave at the points of con- 
tact of the wave with the limits of the dead region. The positive surface 
of S 3 is directed toward the center of the involved ventricle, and e 3 is a 
unit vector in the direction of the outward drawn normal to the positive 
surface of S 3 . Thus the direction of the new and abnormal electro- 
motive force S 3 e 3 is along a line drawn from the center of the dead 
region toward the center of the involved ventricle. For example, if it 
is now assumed that the dead region is essentially subendocardial, the 
ventricular accession axis sli is defined, throughout the initial phase 
of accession, by the relation 

(3-4)... sfi - D(SA + Sjg,). 

The frequent occurrence of local death in certain regions of the 
ventricular muscle makes them of particular importance, and they are 
considered separately in the discussion which follows. 

The first region considered is ordinarily irrigated by subdivisions 
of the right coronary artery, and includes that part of the left ven- 
tricular wall which is adjacent to the diaphragm and the neighboring 
portion of the basal region of the interventricular septum. Infarc- 
tion of this region is herein referred to as posterior infarction. As a 
general rule, infarction of the ventricular muscle involves at least the 
subendocardial half of the wall of the left venti’icle, and, when -the in- 
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volvement is transmural, the extent as observed from the epicardial sur- 
face is considerably less than when observed from the endocardial sur- 
face. The limits of a posterior infarct are ordinarily such that the 
hole cut out of Sl defines an area S 2 , with its positive surface directed 
upward, forward, and somewhat to the left, toward the center of. the left 
ventricle. The projection of the new and abnormal force S 3 e 3 upon 
the plane of the triaxial reference system gives a vector which is directed 
into the first or second sextant. The preponderance of force in this 
direction distorts the initial stroke of the QRS E-loop into the first 
sextant (see Fig. 3, cl): The initial stroke of the QRS fij-loop, as it 
sweeps into that part of the first sextant which is adjacent to the sec- 
ond, writes the upstroke of R t and the downstroke of Q 2 and Q 3 . If the 
initial segment of the loop had swept into that half of the first sextant 
which is adjacent to the sixth, because of more septal and less diaphrag- 
matic wall involvement, the initial phase of the QRS complex would have 
been characterized by RjR^Qg deflections. The magnitude of the ab- 
normal force S ; ,e., depends chiefly on the circumferential limits of the 
dead region, and, therefore, these limits arc related proportionally to 
the amplitude of the abnormal Q 2 Q 3 deflections. The duration of the 
force S 3 e 3 is primarily proportional to the extent of the infarct in the 
direction of the epicardial surface of the diaphragmatic wall and the 
right ventricular endocardial surface of the septum. Because a ma- 
jority of posterior infarcts extend halfway or more through the wall, 
a significant Q 3 is taken as 0.04 second or more in duration . 11 Trans- 
mural infarcts of the posterior type may produce a single downward 
movement.. for QRS.., a so-called QS 3 deflection. R x and Q 2 deflections 
are likewise present. It may safely be stated that many small posterior 
infarcts are not accompanied by characteristic R 1 Q 2 Q 3 deflections be- 
cause of the small magnitude of the component force S 3 e 3 . For an ex- 
ample of these QRS changes, see Fig. 4, a. 

The second region considered is ordinarily irrigated by the anterior 
descending branch of the left coronary artery and is located in the 
anterolateral wall of the left ventricle. Infarction of this region is 
herein referred to as anterolateral infarction. The hole cut out of 
the shell S L by the dead region defines a new. and abnormal analytical 
area, S 4 , with its positive surface directed downward, backward, and 
somewhat to the right, toward the center of the left ventricle in such a 
way that the associated, abnormal component S.,e 4 (as projected upon 
the triaxial reference plane) distorts the initial segment of the QRS 
.E-loop into the fourth or into the adjacent half of the fifth sextant 
(Fig. 3, e). The associated QRS complexes are characterized by initial 
Q 1 R 2 R 3 deflections. As shown in Fig. 3, e, Ri is usually of small, 
whereas S 2 and S 3 are usually of large, amplitude. An essentially apical 
infarction of the region specified may cause the initial segment of the 
loop to sweep into that part of the fourth sextant which is adjacent 
to the third, thus producing a QiQ^Rj variety of initial QRS deflections. 
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Fig. 4. — (a) Curves A and B were recorded nine months apart from a subject who 
had had a relatively recent posterior infarct. QRS is of the RiQiQs variety. Curve C 
was recorded from the same subject shortly after anterolateral infarction had de- 
veloped. Note the reduction in amplitude and the slurring of Ri, and the greatly re- 
duced amplitude of Q; and Qj. At autopsy, both infarcts were seen to involve only 
the endocardial half of the ventricular wall. (?>) A curve recorded on the dav of 
death from a subject with hypertensive heart disease. The form of the curve illus- 
trates changes caused by recent anterolateral infarction. At autopsy, the diameters 
of the infarct measured 7 cm. and 1 cm., respectively, on the endocardial and epi- 
cardial surfaces, (c) Curves recorded before and after the occurrence of strictly an- 
terior infarction. The last attack of coronary pain had occurred one week before 
the right-handed recording. The Q< and the subsequent notch indicate that the pre- 
cordial position 4 is superjacent to the margin of the infarct. Autopsv revealed that 
death had resulted from carcinomatosis of the liver. The healed, strictly anterior 
infarct measured 2.5 cm. in diameter and was confined to the endocardial half of 
the wall, (d) The clinical picture was characteristic of acute myocardial infarction. 
The changes are not considered diagnostic. However, the absence of QRS changes 
together with the clinical picture, suggests that the infarct may be strictly anterior 
or posterior. The nature of the RS-T junction displacements (if due to injurv) sug- 
gests involvement of the posterior wall. Preponderant hypertrophv of the left 
ventricle is probably responsible for all the changes shown. ( e ) Illustrating the 
changes associated with massive apical infarction. The minute Ri may be ascribed to 
activation of the living subendocardial layer. At autopsy a few weeks after the record- 
ing 1 , the large apical infarct was found to be of the transmural variety, (f) The 
m,nqfrn^„£°m^?. red , d l a ^ n i 0st i ic re ?, ent Iaree Posterior infarct and complete right 
shown in (/) 'see'textT^ nlustrat,n S the manner of production of the QRS changes 
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On the other hand, if an infarct of anterolateral location is somewhat 
basal, the first segment of the loop sweeps into that part of the fifth 
sextant which is adjacent to the fourth, and, consequently, Q 1 is of low' 
amplitude. See Pig. 4, b for an example of these changes. 

Inasmuch as newly unopposed forces in the diametrically opposite 
ventricular wall are directly responsible for the new and abnormal 
electromotive force associated with infarct, it is clear that the presence 
of the abnormal force depends, not only upon the infarct, but also upon 
the integrity of that region of the wall in which the newly unopposed 
forces lie. If, in addition to a posterior infarct, there is assumed to be 
an anterolateral infarct of similar dimensions, and the two infarcts are 
of diametrically opposite location, analysis requires the consideration of 
two new and abnormal component forces, S B c 3 and S 4 e 4 . Furthermore, 
as a direct result of these assumptions, the two abnormal forces are of 
equal magnitude and inverse direction. Consequently, their sum is 
zero, and the effect produced on the form of QRS by the former, is an- 
nulled by that produced by the latter, infarct. Likewise, the effect of 
the latter, is annulled by the effect of the former, infarct. To be more 
exact, however, a result of this kind requires the additional assumption 
that the corresponding regions of the myocardium which are adjacent 
to the infarcts are activated simultaneously. Clinically, of course, an 
example of this sort is almost out of the question. It is reasonably 
common, however, to sec typical QRS effects of one infarct annulled 
in part by the occurrence later of a second infarct. The QRS changes 
in curves B and C of Pig. 4, a illustrate just such a sequence of events. 
A “staircase” descending limb of Q 3 is occasionally produced. 

A somewhat less common region for the site of infarction is the so- 
called strictly anterior region of the ventricular Avail, made up of the 
anterior apical portion of the interventricular septum and the neigh- 
boring portion of the free Avail of the left ventricle. This region is 
ordinarily irrigated chiefly by subdivisions of the anterior descending 
branch of the left; coronary artery. Infarction of the region indicated 
is conveniently called strictly anterior. The hole cut out of Sl by the 
dead region defines an abnormal analytical area S 5 , Avitli its positive 
surface directed posteriorly toAvard the center of the left ventricle. 
The neAV and abnormal component S 5 e 5 is perpendicular to the plane of 
the triaxial reference system. Consequently, its projection upon the 
frontal plane is zero, and there are no associated changes in the form 
of QRS of the extremity leads. The reader is referred to Pig. 4, c .for 
an example of a curve of a strictly anterior infarct. 

Of relatively rare occurrence is infarction of the strictly posterior 
Avail of the left ventricle. The region involved is near the ventricular 
base. Its diametrically opposite position Avith respect to the apical 
portion of the septum has led some observers to refer to its infarction 
as “posterolateral” or “lateral.” Infarcts in this region are more 
properly called strictly posterior infarcts. The muscle involved is 
ordinarily irrigated chiefly by subdivisions of the circumflex branch 
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of the left coronary artery. Like the ease of strictly anterior infarct, 
the hole cut out of S r , by the strictly posterior infarct defines a new 
and abnormal area S,„ coplanar to the plane ot thc,1rinxial relerenee 
system. The associated abnormal component S,e, ; is directed anteriorly 
toward the center of the left ventricle, perpendicular to the plane of 
the reference system. Its projection upon the plane is consequently 
zero, and no associated chances appear in QRS of the extremity leads. 
Sec Fig. 4, d for an example. 

Occasionally, infarction may involve the entire apex of the left 
ventricle. The new and abnormal component S-e ; has the inverse direc- 
tion of SjCj, and the former, therefore, tends to nullify the effects of the 
latter. When, in addition, it is recalled that tile other component S./e 
of normal accession acts chiefly in a direction perpendicular to the 
frontal plane of the body, it becomes obvious that apical infarction tends 
to establish an equilibrium of effective forces of ventricular accession. 
Consequently, the QI?S 10-loop and its associated QRS deflections are 
characteristically of small dimensions (see Fig. -1, e). 

In all of the above-mentioned varieties of infarction the shell S|, is 
involved. The failure of infarction lit effectively involve the shell Si- 
is due presumably to the thinness of the wall of the right ventricle. 
Various studies on the coronary circulation indicate that a considerable 
volume of return coronary flow reaches the cavity of the right ventricle 
through numerous thebesian veins. It is held that, when the intra- 
arterial pressure falls as a result of diminished coronary flow, a reverse 
irrigation of the free wall of the right ventricle through the thebesian 
veins markedly diminishes the incidence of infarction of the free wall 
of the right ventricle. The interventricular septum, however, enjoys 
no such freedom from infarction, and is, therefore, best regarded as a 
complement of the free wall of the left ventricle. 

The foregoing discussion places great importance on the initial QRS 
deflections in the diagnosis and location of infarction. The justification 
is primarily due to the consistent manner in which the electromotive 
force Sitq develops during the early stages of ventricular accession. 
The very nature of the development of the second component S.e,. of nor- 
mal ventricular accession makes for rather wide variability of the final 
QRS deflections of the extremity leads under normal as well as ab- 
normal circumstances. Consequently, changes in the form of the final 
QFS deflections arc of relatively little value in the diagnosis or lo- 
cation of infarction. 

For a detailed example of the application of the analytical principles 
herein introduced, let. us consider Fig. -1, /. The patient from whom 
the electrocardiogram was recorded was a white man, aged 52 years, who 
had been asymptomatic until he suddenly developed the clinical picture 
of acute cardiac infarction twenty-four hours before, and died five da vs 
after, the recording. 

The duration of QRS is 0.12 second and S, is prominent and broad. 
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These changes are sufficient to justify the diagnosis of complete block 
of the right main branch of the His bundle. 12 When the right main 
bundle branch is_ blocked, the left ventricle undergoes accession first, 
and the order of accession is locally normal. Under these circumstances, 
the left ventricle may be regarded as writing the initial QRS deflec- 
tions. Moreover, infarction must have the same, or nearly the same, 
effect upon the initial QRS deflections as it would have if right bundle 
branch block were not present. Inspection of Leads II and III shows 
conspicuous Q 2 and Q a deflections of the kind described as characteristic 
of posterior infarction. The fact that the duration of Q a is one-half as 
long as the duration of QRS suggests that the subendocardial infarct 
extends about halfway through the ventricular Avail. The smooth, 
prominent downstroke of Q 3 suggests that the anterolateral wall of the 
left ventricle is intact. The electrical situation which underlies these 
changes is depicted in Fig. 4, g. The area Sj is reduced to about half 
of its normal magnitude because of the absence of the shell Sr. The 
lievv and abnormal area S., is defined by the circumferential limits of a 
large infarct in the septum. Throughout the initial stages of ventricular 
accession^ the cardiac electromotive force is defined by the relation 

sis = LKSje, + S 3 e 3 ). 

The initial segment of the QRS E-loop sweeps into the adjacent halves 
of the first and second sextants and is approximately collinear with the 
negative Lead III reference axis. Analysis of the precordial leads and 
of the final ventricular deflections shown in Fig. 4, f is presented else- 
where. The autopsy observations are described in the legend. 

A situation which is decidedly different from the one cited above 
exists for the analysis of left bundle branch block, in which the initial 
QRS deflections are of little or no help in the diagnosis of infarction. 
Here, the onset of QRS is of the R 1 R 2 R 3 variety, primarily because of 
the development of the shell Sr. If a small Q : is present, the block of 
the left side may be incomplete. It is conceivable that a Q 1 R 2 R 3 variety 
might be produced by the combination of left bundle branch block 
and a transmural infarct of the interventricular septum. 

ON SEMIUNIPOLAR AND UNIPOLAR LEADS 

When the two terminals of the galvanometer are connected with the 
body in such a way that one electrode is near the heart (upon the pre- 
cordium) and the other is at a distant point (upon an extremity), the 
completed curve represents chiefly the fluctuations of the potential at 
the field point near the heart. The near contact is called the exploring 
electrode and the distant contact is called the indifferent electrode. 

There are a considerable number of accepted methods of contacting 
the body with the galvanometer when recording semiunipolar and uni- 
polar leads. The methods differ according to the position of the near 
contact and the position of the distant contact. When one of the ex- 
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tremities is used for the distant contact, the lead is said to be a semi- 
unipolar lead. When the distant contact is made with a central terminal 
which is connected in turn to each of the extremities R, L, and F, the 
lead is said to he a unipolar lead. The notation adopted for the semi- 
unipolar leads is CR, CL, and CF; C indicates that the exploring 
electrode (placed on the chest) is being paired with an indifferent 
electrode placed on one of the extremities R, L, or F. When the chest 
electrode is paired with the central terminal, Ihe letter V designates 
the method. The precise position of the exploring electrode is desig- 
nated by numerical subscript inserted after the capital letters or let- 
ter, as the case may be. Thus, CF„ indicates a semiunipolar lead re- 
corded by pairing the chest electrode, placed at the precordial position 
2, with an extremity electrode placed on the left leg. In a like manner, 
V„ indicates a lead recorded by pairing the chest electrode at position 
2 with the central terminal. The accepted precordial positions are as 
follows. Position 1 is in the fourth intercostal space at the right margin 
of the sternum. Position 2 is in the fourth intercostal space at the left 
margin of the sternum. The other positions lie upon a line drawn from 
position 2 to the lateral margin of the apex beat, or to the junction of 
the left midclavicular line, and the fifth intercostal space when the loca- 
tion of the apex beat cannot be ascertained. The line continues into tbe 
axillary region at the. level of the junction specified. Position 3 is at. 
the left parasternal line, position 4 is at the midclavicular line, position 
5 is at the anterior axillary line, and position 6 is at the midaxillary 
line. Still another, and perhaps the most popular of the precordial leads, 
is denoted Lead IVF. Here, the prccordial contact is placed just lateral 
to the apex beat (wherever it is found) and the extremity electrode is 
placed on the left leg. In all of the foregoing leads it is customary to 
arrange the galvanometer-body contacts in such a way that, a positive 
potential at the precordial electrode produces an upward movement on 
the completed record. 

The semiunipolar leads arc continuously influenced to a variable 
degree by the fluctuations of the potential at the extremity to which the 
distant electrode is connected. At times, during interpretation of the 
semiunipolar leads, it is highly desirable to know the instantaneous po- 
tential at the extremity used in the recording. Let us denote bv V n , 
Vi„ and V P the instantaneous potential at R, L and F, respectively. 
Then, if 

(3-5) ... LI = V r . — A r u , 

by the adopted method of leading, we have 
(3-6) . . . LI I = V r - V„ 

and 

(3-7)... LIII — y F _ Vt,. 
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On the assumption that the electrical effects of the heartbeat act 
as if generated in a small region within the plane of the triaxial ref- 
erence system, we have (by KirchhofFs first law) 

(3-S) . . . Y* + Y* + V P « 0.- 

By adding equalities in eqns(3-5) and (3-6), we get 
LI + LII = Y P 4 - y L _ 2Y r . 

But fiom eqn(3-S) we have Y P + Y Jv = - Yr. Hence, by substitu- 
tion we get 13 

LI + LII = - 3V k 
or 


(3-9) ... Y R = - HjL MI 

3 

for the potential at the right shoulder at an instant in terms of the 
potential differences in Leads I and II at a simultaneous instant. 

In a like manner, we get 


(3-10) . . . 
and 


Yl 


LI - LIII 
3 


(3-11) . . . 


Yp 


LII + LIII 
3 


for the potentials at the left shoulder and at the symphysis pubis, 
respectively, in terms of simultaneous potential differences in the ex- 
tremity leads. Obviousty, in normal persons, when the heart is vertical 
and the potential differences are large in Leads II and III, the in- 
fluence of the extremity potential Yp upon the CP leads may be con- 
siderable. In normal persons whose hearts are horizontal and the po- 
tential differences are large in Leads I and III, the influence of the 
extremity potential Y L upon the CL leads may be considerable . 14 

The accession potential at the precordial position is most conveniently 
defined by the relation (2-9) ; that is, 


Ya = (<f> 1 -f 


where Ya is the potential at the precordial electrode, 4> 1 and 4>z a re 
constants denoting the electrical moments (intensity of polarization per 
unit of area of wave front) of the accession wave, and O is the solid 
angle defined and measured by the area of spherical surface cut off the 
unit sphere inscribed about the precordial point by the cone formed by 
drawing lines from the precordial point to every point upon the bound- 
ary of the accession wave. When the accession wave has more than 
one boundary at the instant considered, a corresponding number of 
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cones is formed, and the potential is regarded as proportional to the 
sum of the areas cut off the unit sphere by all the cones. The sense of 
the potential may be determined in the following way. Let us imagine 
that the accession wave is opaque, and that it carries a positive charge 
upon its advancing surface and a negative charge upon its trailing sur- 
face. An observer stationed at the center of the unit sphere (or at the 
tip of the preeordial electrode), on looking through the base of the cone, 
must view the positive or the negative charge on the wave. The sense 
of the charge observed is the same as the sense of the potential. If 
multiple cones have been formed because the wave has more than one 
closed boundary, the observer at the center of the unit sphere looks 
through the base of one cone at a time, treating the wave as. if all of the 
other cones and related boundaries were absent. The resulting sense of 
the potential will depend quite naturally upon the relative magnitude 
of the positive as compared with the negative solid angles. When the 
former magnitude is larger the sense of the potential is positive. 

For example, let us consider the accession shell Si, (Fig. 5, a). P de- 
notes the field point at which the precordial potential is measured. 
Clear] } r , the sense of the solid angle subtended at P by the boundary of 
the shell S r . is positive. Moreover, the potential at P would have the 
same value if all portions of the wave not included by the cone were 
removed. Consequently, that portion of the wave subjacent to P has a 
preponderant effect upon the potential at P. The value of the potential 
at the preeordial electrode is determined chiefly by that arbitrary por- 
tion of the accession wave (or regression wave) which lies nearest the 
preeordial electrode. 1 '' This fact renders the interpretation of the uni- 
polar (and semiunipolar) lead relatively simple. 

Let us consider first the analysis of a normal curve recorded by Lead 
IVF. Under the circumstances, the electrical events in the apical re- 
gions of the ventricular walls dominate the form of the curve. When 
there are no electrical events in the subjacent ventricular wall, the form 
of the curve depends, for the most part, upon events occurring else- 
where. If these arc scattered, but equidistant, or nearly equidistant, 
from the exploring electrode, the potential depends more or less equally 
upon all such events. 

During the early stages of ventricular accession, the solid angle sub- 
tended at the tip of the preeordial electrode by the boundary of the 
wave is often small and negative for a brief interval. Thus, a normal 
Q 4 results (amplitude == 0.2 millivolt or less, duration == 0.01 to 0.02 
second) . It appears highly probable that this deflection is caused by the 
relatively early invasion of the anterior basal region of the interventricu- 
lar septum subjacent to the left ventricular endocardium. A similar Q., 
deflection is often seen normally in the fifth and sixth preeordial posi- 
tions, but not in positions 1, 2, and 3. The validity of the explanation 
is further supported by the fact that Q 4 occurs regularly in hearts which 
are the seat of hypertrophy of the left ventricle. The hypertrophy 
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produces a positive (counterclockwise) rotation of the ventricles about 
ft, and brings the endocardial aspect of the septal region specified into 
better view from the exploring electrode tip, which thus determines a 
more significant magnitude for the negative solid angle subtended. 
A Q 4 of this kind should be rare in children and in preponderant hyper- 
trophy of the right ventricle because in these instances the positions 
of the ventricles are ones of relative negative rotation about ft. 

Continuation of accession soon results in approach of the wave toward 
P (the tip of the precordial electrode) through that region of the free 
wall of the left ventricle which lies subjacent to p. Obviously, the solid 
angle developed at p by the arbitrary subjacent wave rapidly becomes 
large in magnitude and positive in sign. Thus the usual, tall upstroke 
of K 4 results. This upstroke heralds the approach of the accession 
wave toward p as it passes outward through the ventricular wall. More- 
over, the summit of R, signals the time of arrival of the wave at the 
subjacent epicardial surface. If, at this instant, the remainder of the 
ventricular muscle has been transgressed by the wave (not usually the 
case), the potential at p becomes zero and the downstroke of R 4 is re- 
corded. Usually, the basal region of the free wall of the left ventricle 
is uninvaded at the instant specified, and a retreat of the wave in a di- 
rection away from p throughout the specified basal region results in a 
relatively small and negative solid angle. Thus, the downstroke of R., 
descends below the base line of the curve to form the descending limb of 
S 4 . With invasion of the free wall of the left ventricle, accession of 
the ventricles is complete, and the solid angle and, consequently, the 
potential vanish. The ascending limb of S 4 is thus recorded. 

In a like manner and for like reasons, the form of T 4 depends upon 
the order of regression locally in that region which is subjacent to p. 
If, in the subjacent region, the subepicardial elements of muscle com- 
mence regression ahead of the subendocardial units in the immediate 
neighborhood, the potential at p is positive; or, if the subsurface units 
(subepicardial and subendocardial) in the subjacent wall commence 
regression ahead of the remaining subsurface units; the potential at p 
is positive and T 4 is an upward movement. In children T 4 may be in-' 
verted normally, and it is assumed that subepicardial units of the sub- 
jacent ventricular wall undergo regression relatively late in comparison 
with neighboring units at the epicardial and endocardial surfaces. The 
order of regression of the muscle units between the subsurface units is 
immaterial* The effective onset of regression ordinarily begins be- 
fore QRS is complete, and, consequently, the so-called RS-T 4 junction 
of the curve is frequently displaced upward (in adults) through a small 
distance (= 0.1 or 0.2 millivolt). 

Under normal circumstances, using \ leads, the QRS complex is 
regularly introduced by an R deflection at positions 1, 2, and 3. In an 


♦See footnote page 781. 
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occasional instance the QRS complex may be comprised of a single QS 
deflection at position 1. The obvious explanation for the initially neg- 
ative solid angle lies in the fact that an observer stationed at position 1 
may, on looking through the base of the cone, observe the negative 
charge on the concave (retreating) surface of the accession shells Sr and 
Sr. The single QS deflection is encountered normally in the CP leads 





Fig 5.— (a) Left ventricular accession shell S,„ with the proportional potential 
it produces at p. as measured by the solid angle subtended at p bv the boundary of 
the sliel . (b) Diagrammatic representation of the excitation wave cj at an instant 

during its passage along the muscle mass AB in the direction of B. (c) Showing the 
net areas Aqss,, Aqbs,, and Aq,is 3 . plotted out along the axes of the triaxial reference 
system. The relationship between these areas and the manifest mean axis Aons is 
and"o?° see "text. W ^ scomeMc relationship of the manifest mean axes Aq„s. At, 
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at positions 1 and 2. Here, the explanation is the same as that given 
lor V leads, except that the leg potential (usually positive) favors the 
formation of the QS type of complex. Generally speaking, the ampli- 
tude of R of the precordial leads (semiunipolar and unipolar) normally 
increases from position 1 through position 4. At position 5 it may 
show a further increase (slight) or a decrease. At position 6 the ampli- 
tude of R is normally less than that encountered at position 5. The de- 
scribed sequence of normal variations is very important, inasmuch as 
limited damage in the subjacent ventricular wall may be recognized by 
a disturbance in the sequence, whereas one curve taken by itself is value- 
less. 

We are now prepared to consider further the initial ventricular de- 
flections of Fig. 4, /. Lead IVF shows that R has a rather broad up- 
stroke which is probably not normal and which may possibly represent 
a low-grade, left-sided, intraventricular conduction defect. In this 
connection, a curve recorded from the patient shortly before death (not 
presented) showed complete heart block. The notch on the upstroke of 
S is part of the picture of right bundle branch block, or, to be more exact, 
is associated with the late aberrant spread of the accession wave into 
the right ventricle. 

When recording curve A, Lead CF 2 was used. The minute R and 
the initial, sharp downstroke of QRS must represent accession of the left 
ventricle, for, in complete right bundle branch block, only the shell Sl 
exists throughout this period. Moreover, the effects under consideration 
may be said to represent, chiefly, accession of that part of the left ven- 
tricle which lies nearest to the. exploring electrode; that is, effects of the 
anterior free wall of the left ventricle and the neighboring anterior 
region of the interventricular septum. The small R under discussion 
represents the approach in this region of a small area of wave in a direc- 
tion toward the tip of the exploring electrode. The following, initial, 
sharp downstroke indicates that the electrode potential has suddenly be- 
come negative, an event which may be accounted for in the following 
way: 

The shell S L is, no doubt, intact (of unit density) at the time of the 
sharp downstroke (= 0.04 second after the onset of accession). Moie- 
over, Sl undoubtedly has two large circular boundaries at this time, one 
which defines the normal area of reduced magnitude, and a second, 
abnormal area S 3 created by a large septal infai-ct. The solid angle 
subtended at the exploring electrode tip by the former boundary is 
positive when the latter boundary is supposedly absent. Likewise, the 
solid angle subtended at the same point by the latter boundary is nega- 
tive when the former boundary is supposedly absent. Inasmuch as the 
actual potential at position 2 is given by the sum of the two solid angles 
multiplied by (<^ 1 + <£„), the resulting negative sense of the potential 
is actually accounted for, provided only that the infarct is relatively 
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large. The subsequent sharp upstroke heralds the approach of the 
accession wave in the subjacent free wall of the right ventricle. It oc- 
curs late (0.06 to 0.07 second after the onset of QRS), as might be ex- 
pected when the right main branch of the His bundle is blocked. 16 The 
final downstroke represents the retreat of the accession wave through 
the lateral free Avail of the right ventriele. 

Curve B (Fig. 4, /) was recorded with the exploring electrode in the 
fourth intercostal space just lateral to the left border of the heart; that 
is, over the anterior free Avail of the left ventricle. Here, the detailed ex- 
planation of the QRS complex is the same as for the normal recording 
from this point, except that the sIoav upstroke of S is abnormal because 
of the delayed retreat of the accession Avave in a direction aAvay from the 
electrode tip toAvard the free Avail of the right ventricle. The sharp up- 
stroke of R confirms opinion derived from the extremity leads regarding 
the integrity of the anterolateral free Avail of the left ventricle. We 
are as yet nnable to interpret the abnormal final ventricular deflections. 

SECTION IV 

ON THE REGRESSION PROCESS AND THE MEAN ELECTRICAL AXES 

The T or final ventricular deflection represents the electrical effect 
produced by spread of the regression process over the ventricular muscle. 
The onset of T in the various leads indicates the time at which the 
magnitude of the regression effect is sufficiently great to influence the 
completed record. For the extremity leads, this time may be consider- 
ably later than the time at Avhich regression actually begins at some 
ventricular point. 

There are certain striking differences in the form of T as compared 
Avith the form of QRS. Obviously, these differences represent certain 
differences in the characteristics of the regression wave, as compared 
Avith those of the accession Avave. 

Let us consider a graphic representation of the excitation Avave, cj of 
Fig. 5, 5, as the Avave travels along the cylindrical mass AB of cardiac 
muscle. Stimulation has occurred at the end A, so that the wave cj is 
traveling, at the instant under consideration, aAvay from A in the direc- 
tion of B. The Avave may be subdivided, for descriptive purposes, into 
three zones, cd, dg, and gj. Within the zones Be and jA, Avhich lie, re- 
spectively, before and behind the excitation Avave, the muscle cells are 
in the resting electrical state. The zone cd represents the accession 
Avave Avitliin Avhich the cells are in the process of passing from the resting 
into the excited electrical state. The cells Avith in this zone are said to 
be undergoing the initial reversal of polarization. The length of the 
zone cd is equal to v 0 t 0 , the product of the velocity v„ of the accession 
Avave by the time t 0 elapsing betAveen the beginning and completion of 
accession at a given point. Within the zone dg the muscle cells are in 
the fully excited state; that is, the cells have undergone a change 



806 


AMERICAN HEART JOURNAL 


(reversal) of polarization which is maximal for the present excitation. 
The actual length or duration of the excited state is determined by the 
time after accession at which regression begins. The effective length or 
duration of the excited state depends upon the time after aecassion at 
which effective regression begins. The former duration, unlike the 
latter, is independent of the rate of regression at a point. In so far as 
the completed record is concerned, an increased rate of regression at a 
point may shorten the effective duration, whereas the actual duration 
may remain unchanged. The zone gj represents the regression wave 
within which the muscle cells are in the process of passing back from the 
excited into the resting electrical state. The cells within the zone 
designated are undergoing a second reversal of polarization. The length 
of the zone gj, or the length of the regression wave, is equal to v 0 tj, 
which is the product of the velocity v 0 of the regression wave by the time 
C that elapses between the beginning and completion of regression at a 
point. 

In Fig. 5, 1), the slope of the curve within the zone cd and the slope of 
the curve within the zone gj represent the respective rates of the initial 
and the final reversal of polarization at a point. Presumably, each 
curve is of exponential form. It is observed that the rate of the initial 
reversal is greater than the rate of the final reversal. Throughout the 
zone dg, no change of polarization occurs, and the curve representing 
the rate of change has no slope or is horizontal. Clearly, the curve with- 
in the zone cd appears to be nearly straight in comparison with the curve 
nothin the zone gj ; this difference is caused by the more rapid rate of 
change of polarization in the former as compared with the slow rate of 
change in the latter. The assumption that the electrical moment (6 1 - $ 2 ) 
of the accession wave is constant is equivalent to the assumption that 
the length of the wave is very short, or that the initial reversal of polai- 
ization is, for all practical purposes, instantaneous. 

Because of the tendency toward uniformity of physiologic activity hi 
the various emits of cardiac muscle, the order of accession tends to de- 
termine the order of regression. However, a local variation of this 
uniformity may alter locally the effective duration of the excited state, 
and, by so doing, alter the order of regression without affecting the 
order of accession. 

The order of ventricular accession tends to determine the ordei o 
ventricular regression. The former determines the form of QRS, uheie- 
as the latter determines the form of T. Consequently, the form of QKS 
tends to determine the form of T. However, if there should occur a loca 
variation in the uniformity of the effective duration of the excited state, 
the order of regression will not be the same as the order of accession, 
and the form of T will be altered by the local variation in effect he dma- 
tion of the excited state. 

It is clear that, if the characteristics of the two waves, accession and 
regression, were identical except for polarity, and if the ordei of i cn- 
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tricular accession dclcrmincd completely the order of ventricular regres- 
sion, and if the effects of accession were complete before those of regres- 
sion commenced, the accession deflections (QRS) would be followed by 
regression deflections (T) of identical form except that the polarity 
of the corresponding deflections would be of unlike sign, one positive 
and the other negative. 

Under normal circumstances, the resting states before and after a 
given excitation are comparable. Consequently, the total change of 
polarization produced during accession is comparable to the total change 
of polarization produced during regression. Any difference encountered, 
other than polarity, in the total effect produced during accession as com- 
pared with the total effect produced during regression may be ascribed, 
therefore, to a difference in the order of regression as compared with the 
order of accession. The area under the curve of QRS is equal to the 
product of the mean accession voltage by the duration of QRS, and is a 
measure of the total electrical effect produced by ventricular accession. 17 
Likewise, the area under the curve of T is equal to the product of the 
mean regression voltage by the duration of T, and is a measure of the 
total electrical effect produced by ventricular regression. Let us denote 
the area under QRS by Aqrsi and the area under T, by A Tl . Inasmuch 
as the ordinate under the curve is measured in microvolts and the dura- 
tion in seconds, the areas Aqnsi and A Tl are measured in microvolt- 
seconds (— m.v.s.). According to the notation adopted for Lead I, 
the areas under QRS.. and T 2 arc denoted by Aqus« and A T2> respec- 
tively, and similar notation holds for Lead JIL In general, an area of 
the kind under consideration has a sense, positive or negative, depending 
on whether the net area under the subdivision of the curve considered 
measures positive or negative. 

If the numerical values of any two of the quantities A QltSl , Aqrs 2 > and 
A Q rs 3 are plotted out on the proper half of the corresponding reference 
axis, commencing at the origin 0 (see Pig. 5, c), they determine a vector 
quantity A QRS , of which each is a projection. The origin of A QR s is 
at 0, and the terminus of A QRS 3s at the intersection of two perpen- 
diculars drawn to the outward extremities of the plotted areas. 

In so far as the triaxial reference plane is concerned, the magnitude 
of Aq KS is a measure of the total electrical effect produced by ventricular 
accession, and the direction of A QRS is the direction in which the acces- 
sion wave travels over the average element of ventricular muscle. 

A vector quantity A T is determined from any two of the areas A Tl , 
Ato, and A Ta in essentially the same manner used for determining A QRS . 
The magnitude of A T is a measure of the total electrical effect produced 
by ventricular regression, and the direction of A T is the inverse direction 
in which the regression wave travels over the average element of ven- 
tricular muscle. Thus, if the order of ventricular accession determined 
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completely the order of ventricular regression, so that the course of the 
two waves was the same, we would have the relation 

(4-1) . . . -&Q US — —At, 

and the sum of the two vectors is zero. Inasmuch as relation (4-1) 
does not hold for the normal human electrocardiogram, it is clear that, 
even under normal circumstances, the order of ventricular regression is 
not the same as the order of ventricular accession. Consequently, there 
is a normal lack of uniformity in the effective duration of the excited 
state in various parts of the ventricular muscle at the epicardial and 
endocardial surfaces. The duration of the excited state in muscle layers 
between the subsurface layers is immaterial * The sum of the vectors 
Aqus and A T gives a new vector, Aqr ST , or G, which is a measure of the 
lack of uniformity in the effective duration of the excited state in 
various parts of the subepicardial and subendocardial muscle layers. In 
so far as the frontal plane of the body is concerned, the magnitude of 6 
is a measure of the total effect produced by the lack of uniformity in the 
effective duration of the excited state, whereas the direction of & is that 
of a line along which the variations in the effective duration of the ex- 
cited state are greatest. 

The vectors A QRS and A T are known, respectively, as the manifest 
mean electrical axis of accession and the manifest mean electrical axis of 
regression. The vector 0- is known as the manifest mean electrical axis 
of QRST, or as the gradient, which may be said to point toward regions 
in the ventricular muscle at the. epicardial and endocardial surfaces in 
which the average duration of the excited state is greatest, towards 
regions in the muscle at these surfaces where the average duration is 
least. 

Inasmuch as the vectors Aqrs, At, and G are determined from measure- 
ments made on the extremity leads, the vectors are restricted to the 
plane of the triaxial reference system. It is clear, however, that the 
electrical forces in the ventricles are not thus restricted, and must have 
a set of three mean axes operating in three-dimensional space. ^ In oidei 
to avoid confusion, the set of spatial mean axes are denoted SAqrs, SAt, 
and SG, where the prefix S merely indicates three-dimensional space. 
Any one of the manifest mean axes is simply the projection of the cor- 
responding spatial mean axis upon the plane of the triaxial reference 
system. For the relations connecting the three axes of both sets, spatial 
and manifest, we have 

(4-2) . . . SAqhs + SA t = SG, 

and 

(4-3) . . . Aqrs + Ax = G, 

respectively. At the present time our knowledge of the spatial mean 


See footnote, page 781. 
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axes must depend upon speculation based upon the known activities of 
tlieir projections, the manifest mean axes. Nevertheless, the definitions 
herein offered for the manifest mean axes 17 apply equally well to the 
spatial mean axes. 

The triaxial reference system, which has been found useful in deal- 
ing with the instantaneous axis, is likewise useful in dealing with the 
manifest mean axes. Moreover, the triaxial reference system may be 
expanded into a tetraxial reference system for dealing with the spatial 
mean axes, i.e., let a z-axis pass through the origin 0, normal to the 
triaxial reference plane, and, according to custom, let the positive half 
of the z-axis lie dorsal, and the negative half ventral, to the triaxial 
reference plane. 

The discussion which follows will deal only with the manifest mean 
axes Aqrs, A t , and G. We may write eqn(4-3) in the form 
(4-4) . . . At = —Aqrs + G, 

which states that the mean axis of T is equal to the sum of two vec- 
tors, the inverse of the mean axis of QRS and the ventricular gradient. 
The relation clearly shows that the area under T depends upon two com- 
ponents, the area under QRS and the ventricular gradient. Any factor 
which alters the area under QRS will, by so doing, alter the area under 
T secondarily. Changes in T caused by changes in QRS are called sec- 
ondary T-wave changes. 17 On the other hand, any factor which alters 
the ventricular gradient will, by so doing, alter the form of T primarily 
without altering the form of QRS. Changes in T caused by alterations 
of the gradient are known as primary T-wave changes. In electro- 
cardiographic interpretation it is a matter of great clinical importance 
to ascertain which T-wave changes are primary, secondaiy, or a com- 
bination of both. 

For a geometrical interpretation of eqn(4-4), we may consult Fig. 5, d. 
Clearly, A T is the directed diagonal of a parallelogram of which —Aqrs 
and & form two sides. It is to be recalled that all of the origins of the 
manifest mean axes coincide with the origin 0 of the triaxial reference 
system (not shown). Under most normal circumstances, the mean axes 
lie in the region defined by the sixth and the adjacent halves of the fifth 
and first sextants. The plotted points in Fig. 6 indicate the positions 
of the termini of 100 gradients as ascertained by measurement of electro- 
cardiograms from as many normal adults. In each of the 100 normal 
adults, & was found to lie nearly collinear with 3, the base-apex axis 
of the ventricles. The axis 3 was ascertained directly from the sub- 
ject’s chest roentgenogram.* 

A further consideration of Fig. 5, d shows that, if the terminus of 
Aqrs is made to describe any arbitrary path whatever about O, while 
the gradient remains fixed, the terminus of A T describes a path of simi- 
lar form about the terminus of 6. The second path, however, appeal’s 
as if rotated through 180 degrees (when compared with the first), and 

*Dr. R. H. Bayley, Dr. J. E. Holoubek, and Dr. A. B. Holoubek were co-workers in 
the preparation of these data (1940). 
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exists the greatest space rate of change of subnormal polarization during 
the resting, and again during the excited, state. It is clear that, until 
the injured zone extends to the epieardial surface, all of its lamellae are 
closed. Consequently, during the resting, and again during the excited, 
state, no field of injury exists outside of the ventricular wall. It is like- 
wise clear that, when the injured zone is transmural, the injury poten- 
tial outside the ventricular wall is a function of the difference between 
the subnormal change of polarization at the epieardial surface and that 
at the endocardial surface. The subnormal change of polarization in 
units between these surface layers is immaterial. 21 

The spatial axis of injury sEi is proportional in length to the areas 
circumscribed by the boundaries of the open laminae of the injured 
zone, and is directed (during systole) from the center of the involved 
ventricle toward the center or centroid of the injured zone. 

In stage C of Fig. 9, a, the area circumscribed by the epieardial 
boundary of the injured zone has expanded at the expense of the area 
circumscribed by the epieardial boundary of the ischemic zone. Conse- 
quently, the appearance of RS-T junction displacements (dependent 
upon the former area) are accompanied by a subtotal disappearance of 
primary T-wave changes (dependent upon the latter area). Obviously, 
as the accession wave traverses the subnormally polarized injured zone, 
the magnitude of the local accession forces is proportionally subnormal, 
and, consequently, QRS changes concurrently appear. 

The initial development of local ischemia and injury may be regarded 
as proceeding to the stage ( C of Fig. 9, a) at which a dead region is 
about to appear, and, being reversible, may be looked upon as producing 
the transient variety of electrocardiographic changes that are observed 
in certain patients with angina pectoris. However, if the process is 
regarded as introducing myocardial infarction, the zones specified are 
responsible for changes which are best described as evidence of impend- 
ing infarction. The evolution through which the changes may pro- 
ceed or the time they may last and yet be unattended by the appear- 
ance of a dead region (actual infarction) is not known. Clinico- 
patliologic observations make it certain, however, that an evolution which 
stops short of the injury effects may exist for several weeks, and pos- 
sibly several months, and be unattended by the development of a dead 
zone. 19 If the evolution proceeds rapidly, and promptly reverses, the 
stage of RS-T junction displacement may be reached without the oc- 
currence clinically of evidence which is considered characteristic of 
actual infarction. 

Including the electrocardiographic changes herein described as evi- 
dence of impending infarction, the electrocardiographic evolution of 
myocardial infarction may be described in five fundamental stages : 
(1) the initial diversion of the gradient Gr, which is a measure of the 
appearance of the primary T-wave changes; (2) the development of the 
axis of injury Ei, a concurrent subtotal reversion of &, and a concurrent 
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diversion of Aqus, which measure, respectively, the appearance of RS-T 
junction displacements, the subtotal disappearance of the primary 
T-wavc changes, and t he appearance of QRS changes; (3) the decay 
of fij, the concurrent second diversion of G, and the concurrent sub- 
total reversion of A Qlts , which measure, respectively, the disappearance 
of RS-T junction displacements, the reappearance of primary T-wavc 
changes, and the subtotal disappearance of QKS changes; (4) the final 
reversion of G, which measures the final disappearance of the primary T- 
wavc changes; and, finally, (5) t he permanent persistence of a diversion 
of Aqi !S and At, which measure the permanent QI?S changes and the per- 
manent secondary T-wave changes. 

Ordinarily, stage 1 is traversed rapidly in the ease of infarction, so 
that the initial electrocardiograms display changes characteristic of 
stage 2 or stage 3. Stage 4 continues for a relatively long period of 
time, and the associated changes arc usually referred to as evidence of 
healing of the infarction. In a single curve, the changes associated with 
stages 2 and 3 may closely resemble one another, and other clinical 
criteria must be used to ascertain the presence or absence of myocardial 
infarction. When stage 5 has been reached, infarction is said to be 
healed. 

SUMMARY AND CONCLUSIONS 

As pointed out more than a decade ago by F. N. Wilson and his co- 
workers, the well-established laws which define the flow of electric cur- 
rents in homogeneous volume conductors are applicable to the interpreta- 
tion of the electrical effects produced by the heartbeat with sufficient ac- 
curacy to be of (great) clinical usefulness. An analytical approach to 
the problem is herein made by a method of geometric visualization which 
should prove useful to those who are not familiar with advanced 
mathematics. A few footnotes are included; Ihev contain some of the 
more profound aspects of the problem and support much of the ma- 
terial, but they may be neglected by those who arc interested only in a 
clinical use of the analysis. 

The properties of vectors are defined, and the three required manipula- 
tions are discussed. The characteristics of the electrical field are briefly 
considered in relation to a [joint source and in connection with the ex- 
citable cell. The instantaneous electrical axis is defined and its use 
illustrated. 

Ventricular accession is considered inductively, and the critical forma- 
tions of the QRS sK-Ioop of t he vectorcardiogram are derived synthet- 
ically. Important relationships between the loop and tbc extremity leads 
are pointed out. The effects on the loop and those on the extremity 
leads produced by hypertrophy, block, and muscle death are analyzed. 
The unipolar and scmiunipolar leads are considered analytically. 

The manifest and spatial mean axes are defined and discussed, with 
particular emphasis on their value in the interpretation of the primary 
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and secondary T-wavc changes. Certain clinical and analytical man- 
ifestations of local ventricular iselicmia arc considered. It is pointed 
out that the primary T-wavc changes which frequently attend acute 
nephritis in transient form and those which attend chronic hypertension 
in more permanent form are strikingly similar to those which indicate 
local ischemia of muscle that is ordinarily irrigated by the left coro- 
nary artery. 

The electrical effects produced by an injured lamina are discussed in 
relationship to pericarditis and stab wounds of the heart. Finally, the 
electrocardiographic evolution of myocardial infarction is considered, 
and the similarity of certain early stages to certain late stages is 
stressed. 

In order to accomplish the task, it became necessary to introduce 
much which is not new, but which is scattered within various sources 
that have appeared at intervals over a considerable period of time. The 
method of analysis, as set forth, has proved useful to the author over a 
period of years both for diagnostic and teaching purposes. Moreover, 
the uniformly accurate diagnostic results obtained, particularly in prob- 
lems of local myocardial ischemia and infarction, appear to completely 
justify the adoption by Wilson, et al., of certain well-established physical 
laws for interpretation of the electrical effects produced by the heart- 
beat. 
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Clinical Reports 


COARCTATION OF THE THORACIC AORTA WITH AN 
ANEURYSM DISTAL TO THE OBSTRUCTION 

Report of a Case 

Jerry Zaslow, M.D., and Sidney 0. Krasnoff, M.D. 
Philadelphia, Pa. 

I N A review of the literature up to September, 1942, only two cases 
of aneurysm of the aorta distal to a coarctation were found. 1 ’ 2 This 
paper presents a similar case in a 25-year-old white man. 


case report 

D. Y., a 25-year-old white man, was. apparently in good' health until 
one year prior to admission to the Jewish Hospital in Philadelphia. 
At that time an increase in the size of the base of the heart Avas found 
during a routine physical examination. A roentgenogram revealed a 
prominence in the region of the aortic knob. Several serologic tests 
for syphilis v r ere negative. One Ai r eek before admission to the hospita 
the patient developed an upper respiratory infection, followed by a 
persistent cough. About 7 a.m. on the day prior to admission, the 
patient awoke with a feeling of malaise and pain in the left shouldei. 
During the day the pain became worse, stabbing m nature, and radi- 
ated over the precordium to the left upper quadrant and left loin. He 
was nauseated, but did not vomit. At 4 a.m. on the day of admission 
the patient had a severe precordial pain and collapsed. He was admitted 
to the hospital at 5 :20 a.m. on Feb. 20, 1943. There were no fuithei 
contributory facts in the history. , 7 

Physical examination on admission revealed a well-developed an 
well-nourished white man in severe pam. He was oriented and co- 
operative. The oral temperature was 102° F. The radial pulse rate 
was 90 per minute. The respiratory rate w as 28 per i mimn to The blood 
pressure was 110/80 in the right arm and 108/ 

animation of the head, eyes, ears, nose, and thioa nosterioiTv. 

ities There were a few rales at the base of the n^ht lun^, i .Y 

The anex beat of the heart was 10 cm. to the left of the midsternal line 
SSlir Mere osM space. The base the h^t was enlarged* 
percussion measuring 10 cm. transversely. Ihe heait sounds were le^i 

heard. There were no murmurs, shocks or thrills. 

The gdomS and Amities appeared normal. Because of the poor 

p“m V ufe 'MeaS"«n t a'“l“oS,c 3 i.k1o„ of the MM **• 
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condition of tlie patient, the neurologic examination was limited. How- 
ever, the deep reflexes were normal, and no abnormal reflexes were 
elicited. 

The patient was given % grain of morphine sulfate and %oo grain of 
atropine sulfate hypodermically. In a few minutes the patient became 
dyspneic, and started to cough and expectorate greenish-black mucus. 
At S:15 a.m., he became restless, thrashed about, gasped violently for 
air, became very pale, and was soon pulseless. In spite of stimulants, 
the patient died at 8 :30 on the morning of admission. 

Post-mortem examination was performed by one of us (J. Z.) two 
hours after death. 



* 

i i f 1 1 r : » : • ’ : • ' ■!*'««*» ‘ ''«..••• ’ : 

1 *•»'« » * t r r. u. :> jj .» ;; .i ,• s * .* 


Fig. 1. — View of the descending thoracic aorta. The lungs lie at both sides of the 
opened vessel. The uppermost indicator is coming out of the coarcted area. Note 
the appearance of an obstructing band at this point. The left lower indicator points 
to the area of fatal, terminal rupture. The right lower indicator lies in a deep tear 
in the intima. Note the presence of numerous other rents in the intima. However, 
none of these invade the media. There was no evidence of any inflammatory process 
in any portion of the vessel. 


POST-MORTEM OBSERVATIONS 

The body was that of a well-developed white man, 25 years of age. 
External examination revealed only extreme pallor of the mucous mem- 
branes. 
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The left pleural cavity contained about 4,000 c.e. of blood and blood 
clot. The light pleural cavity was normal. The posterior mediastinum 
and the upper portion of the retroperitoneal area of the- abdominal 
cavity contained clotted blood. The pericardial cavity contained no 
blood or. serous fluid. 

The heart weighed 410 grams. The muscular tone was good. The left 
ventricular wall measured 15 to 19 mm. in thickness. The right ven- 
tricular wall averaged 3 nun. in thickness. The ventricular cavities 
appeared normal. The auricular appendages contained no thrombi. All 
of the valves and coronary vessels were normal. The aortic valve showed 
no spreading of the commissural angles and no thickening of its free 
margins. The ascending aorta and transverse portion of the arch were 
normal in diameter and appearance . At the junction of the transverse 
with the descending thoracic aorta, there was a constriction of the lumen, 
as if by a fibrous band. The diameter of the lumen at this portion was 
7 mm. From this point caudad, the lumen was markedly increased in 
size, measuring 20 cm. in circumference at its widest portion. The dila- 
tation had a fusiform appearance. It extended for a distance of 15 cm., 
almost reaching the diaphragm. Opening the vessel disclosed a trans- 
verse rent in the wall 3 cm. in length at the midportion. This was the 
source of the bleeding. There were numerous other tears of the intima, 
but these were not deep (Fig. 1). The abdominal aorta was normal. 
The branches of the thoracic aorta proximal to the obstruction were 
slightly dilated, but no erosion of the under surfaces of the ribs was seen. 

The left lung showed only compression atelectasis. The right lung was 
congested. All the other organs appeared normal, except for marked 
pallor. 

Microscopic examination of the coarctation showed an excessive 
amount of fibrous tissue beneath the intima. There was no evidence of 
any active inflammatory process. Sections from the aneurysm revealed 
no signs of syphilis or atherosclerosis. The media shoAved patchy areas 
of mucinous degeneration. The intima appeared normal. There Avas 
some thickening of the subintima. 

COMMENT 

The coarctation AA r as at the point where the ductus arteriosus meets 
the aorta. During obliteration of the ductus there must haAm been an 
extension of the fibrotic process into the aorta. This appears to have 
been the case because microscopic examination of the stenotic area 
shoAved only fibrous tissue beneath the intima. In the case reported by 
Hecker , 2 the coarctation AA r as in the same location. The sequence of 
events hi the formation of the aneurysm is more difficult to understand. 
It may be that the eddy formation just distal to the constriction re- 
sulted in a Aveakening of the aortic wall and a gradual dilatation of 
the lumen. This Avas progressive over a period of years. Eventually, 
because of some excessive strain (coughing), there Avas a sudden inciease 
in the pressure Avithin the sac, Avith rupture of the weakened Avail. The 
presence of numerous tears in the intima, in addition to the ruptuied 
area, suggests that there must have been a rather sudden increase in pres- 
sure Avithin the aneurysm. 
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SUMMARY 

1. Aneurysm of the aorta distal to a coarctation is uncommon. 

2. A case which occurred in a 25-year-old white man is presented. 

3. A possible explanation for the anatomic abnormalities is offered. 
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CHRONIC OCCLUSIVE ARTERIAL DISEASE 
(ARTERIOSCLEROSIS OBLITERANS), ASSOCIATED 
WITH RETINITIS PIGMENTOSA 

Case Report 

Jack L. Eisaman, M.D. 

Bluffton, Ind. 

O PTINITIS PIGMENTOSA is apparently a' vascular disease of the 
IV retina which is rarely associated with generalized peripheral vascu- 
lar disease. A search of the literature concerning peripheral vascular 
disease associated with retinitis pigmentosa revealed only one article . 1 
The scarcity of this pathologic combination makes the following case 
of interest. 

Since the discovery of the ophthalmoscope the cause of retinitis pig- 
mentosa has been disputed . Among the numerous theories of its causa- 
tion that have been advanced are toxic or endocrine factors, trauma from 
light, and avitaminosis. It is not the purpose of this report to discuss 
the etiology, but to point out that whatever the process, whether it be 
one of localized susceptibility, choroidal sclerosis, or endogenous in-> 
Alienees, the vascular changes may be of a general and peripheral 
nature, rather than just localized in the retinas. 

CASE REPORT 

J. R. P., a railroad brakeman, aged 56 years, married and the father 
of two healthy children, was first seen in July, 1.942. His mother died 
at 45 years of age from puerperal sepsis ; his father died at 91 years of 
age. He had six siblings, one of whom was known to show no evidence 
of retinitis pigmentosa. The patient could give no family history of 
this condition. His past history was negative except for influenza in 
1917 and an accident which had occurred two years before. He knocked 
a fragment from his left knee cap and fractured his left elbow and some 
ribs. His leg was in a cast for three weeks, and it was after this cast 
was removed that he first noticed the left leg becoming smaller. For 
years he had smoked one or two packages of cigarettes daily and used 
alcohol occasionally. 

His chief complaints were of pain in his left leg and exhaustion. 
These first appeared during the latter part of the previous winter. He 
noticed coldness of his left foot. If he would put his foot on a loco- 
motive fire box, he could keep it warm. Both legs cramped after exer- 
cise, but the left one was always worse. It seemed strange to him when 
warmer weather' came that his foot continued to be so cold and his leg 
tired so easily. A week previous to admission he had been mowing the 
lawn for an hour, when he developed a sharp pain in his left leg and 
a cramp in its calf. Rest and massage gave relief. When he tiled to 
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push the mower again, he wjis able to go only 50 feet before the pain 
and cramp returned. After ten minutes he was at ease. At rest he 
suffered no pain. "Walking only half a square precipitated the pain. 
Tie had lost 10 pounds in the precedin'.: year and noticed eonsidcrahlc 
exhaustion for six months. Otherwise, his history was essentially neg- 
ative. 

Physical examination revealed a fdi-year-old man. 129 pounds in 
weight and (i7 inches in height. His mouth was edentulous, with only 
an upper plate. The eye grounds were described hv the ophthalmologist*' 
as typical of retinitis pigmentosa. The patient’s heart sounds were 
distant. The blood pressure was 12.7 SO. The ulnar pulsations were 
diminished on both sides. Neither the dorsalis pedis nor the posterior 
tibia! pulse was palpable on the left. The left foot was much pal or than 
the right, and the left lower extremity appeared definitely smaller than 
the right. The femora! pulsations were equal and of good quality. 

T.uu.r. 1 

lay; Mkakkkkmkntn os .Jri.v ] 2, 10 - 12 . 


i.rrr iuout 

S1 ‘ (isvin -.s) (lSc ires) 

utrh>‘4 iiliovo patella 1-I*JJ 

ft incltr- hrlmv patella 12 V, 

Power extremity .".(DA 


Table I shows tlmt the left lower extremity was definitely smaller than 
the right, especially above the knee. 
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The oseillomctric imliccs listed in Table 11 show absence oT the deep 
circulation in the area supplied by the anterior tibial artery of the 
left leg. 
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The skin temperatures listed in Table 111 reveal that the left lower 
extremity was not completely adjusted to a deficiency of (he deep circu- 
lation. 

The hemoglobin was 15 <im., the erythrocyte count, 5.3(i million, and 
the leu cocyte count, 9,200, with a fairly normal differential count. The 
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Mazzini flocculation test was negative, the blood urea nitrogen, 16.3 nig. 
per cent, and blood sugar, 80 mg. per cent. Urinalysis was negative, 
and the basal metabolic rate was +9 per cent. The prostatic secretion 
contained a few pus cells, and culture revealed gram-positive cocci in 
pairs and tetrads. 

Dental roentgenograms revealed no disease. The electrocardiogram 
and chest roentgenogram showed nothing abnormal. Roentgenograms 
of the lower extremity from above the knee to, and including, the foot 
showed no definite areas of calcification. There was one small area .of 
calcification just below the head of the fibula and between the tibia and 
fibula which might have been in the anterior tibial artery. 

SUMMARY 

A case of retinitis pigmentosa, associated with chronic, occlusive, 
peripheral vascular disease, is presented. Although the cause of 
retinitis pigmentosa is still disputed, this case suggests that the patho- 
logic changes in the retinae may not be localized there, but may occur 
as a part of a similar disorder elsewhere in the body. 
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Selected Abstracts 


Keys, A., Stapp, J. P., and Violante, A.: Responses in Size, Output and Efficiency 

of the Human Heart to Acute Alteration in the Composition of Inspired Air. 

Am. J. Physiol. 138: 703, 1943. 

The results are reported from numerous experiments in which acute hypoxia 
was produced in twenty-seven normal young men. All studies were made under 
constant environmental conditions with tho exception of the partial pressures of 
the gases in the inspired air. In most cases the pO. corresponded to that at 18,000 
to 2S,000 feet altitude; in some cases CO : at 14 to 30 mm. Jig was present. Some 
experiments were made with inspiration of pure oxygen. Exposure lasted from 
10 to 4S minutes. 

Prom rocntgenkymographic measurements it is concluded that cardiac dilata- 
tion does not take place under these conditions. The stroke volume remains 
nearly constant in this acute hypoxia and the minute output of the heart is in- 
creased only slightly more than in proportion to the pulse rate change. Cardiac 
efficiency is unimpaired. 

Carbon dioxide increases the altitude tolerance, and in hypoxia with CO. added 
tho pulse rate increases less than without it. Again, the heart does not dilate 
and the stroke volume tends to remain constant. 

Respiration of oxygen at four to five times the normal pO. results in a slight' 
decrease in cardiac "work” and "effort” with no significant change in heart 
size or efficiency. 

Blood pressure responses have no certain predictive value as to whether syn- 
cope is to occur. In the present series complete sj'ncope occurred in ten cases. 
There is always a relative bradycardia in recovery from hypoxic syncope. 

Indications were seen that acute hypoxia disturbs the stability of the autonomic 
nervous system. 

It is concluded that, in normal young men, attempts to strengthen or safeguard 
the heart under hypoxic conditions would serve no useful purpose. The heart does 
not seem to be the limiting factor in tolerance to acute hypoxia. 

Authors. 

Marcuse, F. L., and Moore, A. U.: Low Heart Rate in the Newborn Rat. Am. J. 

Physiol. 139: 49, 1943. 

One-day-old rats, when compared with 320-day-old (tamed) rats, were found to 
have a significantly lower heart rate and less fluctuation in heart rate. Sex differ- 
ences present in the tamed, mature animals were not present in the 1-day-old 
animals. 

In the first 24 hours of life significant changes in heart rate were observed. 
In a twenty-one-day period of daily heart recordings, it was observed that heart 
rate increased steadily in the first 11 days of life; a plateau of no increase in rate 
prevails from the eleventh to twenty-first, days; sex differences manifest them- 
selves with increasing clarity from the tenth day on. 
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Wiggers, H. C., Glaser, G. H., Canavarro, K. deS., and Treat, A. E.: Arterial and 
Central Venous Pressure Changes Following Complete Transection of the Spinal 
Cord (C fi -T,). Ann J. Physiol.' 139: 217, 1943. 

this stud} concerns the acute arterial hypotension and associated phenomena 
which occur following transection of the spinal cord (CS) of supine lightly anes- 
thetized cats. When the transection procedures were uncomplicated by severe 
hemorrhage, pressures did not descend to critical levels. The hypotension de- 
veloped aftei the skeletal musculature of the thorax, abdomen, and hind limbs, 
which supposedly support the elastic postarteriaJ vessels, had been rendered com- 
pletely flaccid. Apparently, however, the venous return of these supine animals 
was not impaired by the loss of this extravascular support. The criteria for this 
concept are based upon the fact that atrial and effective venous pressures were, 
if anything, slightly elevated, while the heart rates remained tachycardic. 'flic 
slopes of the ascending limbs of arterial pressure pulses revealed no changes in- 
dicative of an impaired stroke output. 

In explaining the equivalent decrease of sj’stolic and diastolic pressures on a 
hemodjmamic basis, it was deduced that reduction of peripheral resistance is a 
major contributing factor, but that some additional dynamic event must be in- 
volved. The analysis suggests that an increase in the capacity of the aorta and 
its immediate large branches is involved. The acute hypotension following spinal 
transection may be considered to result from an increase in the capacity of and 
a reduction in resistance to blood flow throughout the entire arterial system from 
the root of the aorta to the capillaries. There is no evidence to support the postu- 
late that an impairment of skeletal muscle tone or the extravascular mechanism is 
herein concerned with the fall in blood pressure in these supine animals. 

Authors. 

Boyer, P. K., and Bailey, C. V.: Concentration of Carbon Dioxide in Expired Air 
in Heart Disease. Arch. Int. hied. 71: 529, 1943. 

In man, regardless of age, sex, basal metabolism, or state of nutrition, the con- 
centration of carbon dioxide in the expired air is strikingly constant. 

Measurement of the concentration of carbon dioxide in the expired air during 
the determination of basal metabolism by the open circuit method is a valuable 
clinical aid in the study of the cardiac status and of the effectiveness of thera- 
peutic measures; it is especially helpful in classifying patients with cardiac dis- 
ease complicated by hyperthyroidism and obesity, in whom dyspnea on exertion 
is difficult to interpret; it is unique among methods of estimating cardiac func- 
tion in that it is performed with the j?atienl at rest; it. measures the extent to 
which respiration compensates for circulatory failure. 

Authors. 

Gubner, R., and Ungerleider, H. E.: Electrocardiographic Criteria of Left Ven- 
tricular Hypertrophy: Factors Determining the Evolution of the Electrocardio- 
graphic Patterns in Hypertrophy and Bundle Branch Block. Arch. Tut. Med. 
72: 19G, 1943. 

An electrocardiographic diagnosis of left ventricular hypertrophy can be made 
before advanced changes have occurred. Employing criteria established by a 
stiulv of a large number of normal subjects and persons with hypertension, the 
authors found that the electrocardiogram is a valuable device for detecting left 
ventricular hvpertrophv and is somewhat more sensitive than the teleoroontgeno- 
grnm. The electrocardiographic and roentgen changes do not necessarily parallel 
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one another, and at times either maj' be relatively normal while the other shows 
definite evidence of hypertrophy. 

Left ventricular hypertrophy may be considered to be present when left axis 
deviation occurs in association with any of the following changes: 

1. Increase in amplitude of the QRS complex, best expressed by the sum of R, 
and S a . Hypertrophy is present if this sum exceeds 2.5 millivolts and is probably 
present if it is over 2.2 millivolts. The increase in voltage is the earliest electro- 
cardiographic change in hj-pertrophy. 

2. Any perceptible depression of the S-T segment in Lead I, even of as slight 
a degree as 0.5 mm. (0.05 millivolt). 

3. Lowering of T, below 1 mm., or further degrees of abnormality of T,. 

The changes in the S-T segment and the T wave may develop in the absence 
of left axis deviation, and left axis deviation is not an unvariable or necessarilj' 
integral part of the electrocardiographic pattern of left ventricular hypertrophy. 
It is shown that the usual occurrence of left axis deviation with left ventricular 
hypertrophy in hj'pertension is due largely to predominant obesity with transverse 
position of the heart, which in itself causes left axis deviation. In slender sub- 
jects with left ventricular hypertrophy, left axis deviation is not so often observed. 

The increased amplitude of the QRS complex may most reasonably be attrib- 
uted directly to an increased mass of left ventricular musculature. The changes 
in the S-T segment and the T wave are regarded ns due to relative ischemia of 
the deeper la}'ers of the left ventricle. This is occasioned by increased work of 
the heart without commensurate increase in coronary flow. Several factors, which 
are discussed, contribute to cause this disproportion. 

The particular vulnerability of the subendocardial region of the left ventricle 
is due to an intramyocardial pressure gradient during contraction. During systole 
there is a marked increase in intramyocardial pressure in the deeper layers of the 
left ventricle, which exceeds aortic pressure and which obstructs coronary flow 
in this region, although there is no interference in coronary flow in the outer zone 
of the left ventricle or in the right ventricle or auricles, where the intramyo- 
cardial pressure docs not rise above the arterial pressure. The subendocardial 
region of the septum and the left ventricle on this account is the area most vul- 
nerable to ischemia. It is the site of predilection of myocardial disease when 
there is a relative insufficiency of coronary flow, as in hypertrophy, or when there 
is an absolute decrease in flow, ns in coronary artery sclerosis and acute coronary 
artery occlusion. 

Over a long period, the chronic subendocardial ischemia leads to irreversible 
changes, and replacement fibrosis occurs. This involves the Purkinje distribution 
network of the left bundle branch which ramifies in the subendocardial region 
of the interventricular septum and the left ventricle. Interference with left 
ventricular excitation caused by diffuse involvement of the conduction system 
leads to slurring, notching, and widening of the QRS complex, eventually progress- 
ing to the pattern of left bundle branch block, which is frequently encountered 
in association with long-standing and advanced left ventricular enlargement. The 
widening of the QRS complex is only in slight part attributable directly to in- 
creased thickness of the left ventricular myocardium. 

Changes in the S-T segment and the T wave in Leads II and III, and, ulti- 
mately, right bundle branch block, occur in conditions associated with chronic 
right ventricular strain, such as pulmonic stenosis, cor pulmonale, and long-stand- 
ing mitral disease. The pathogenesis of these changes, just as in left ventricular 
hypertrophy, is similarly related to ischemia of the subendocardial region of the 
right ventricle consequent to increased intraventricular pressure in the right 
ventricle. 


Authors. 
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Gardberg, M., and Ashman, R. : The QRS Complex of the Electrocardiogram. 

Arch. Int. Med. 72: 210, 1943. 

An analysis is presented of the QRS complex of the human electrocardiogram 
and of the variations in that complex which would appear when the heart is 
lotated to different positions within the thorax. Among different subjects there 
aie considerable differences in the cardiac position within the thorax, and the 
effects of these differences are explained. In making the analysis, the authors 
have correlated experimental findings in the experimental animal, known effects 
of lotations of the heart in man produced by normal procedures or certain path- 
ologic conditions, known effects of bundle branch block and of infarction in man, 
and information derived from studies of precordial leads. Less attention was 
given to the conflicting anatomic studies of the Purkinje system. In order to 
visualize the electrical events in three-dimensional space, clay models have been 
used. 

The authors are convinced that, in a large majority of subjects, the directions 
of the electrical, axes as revealed bj r the limb leads as projected on the frontal 
plane are correct within plus-minus 10 degrees, and the usual error may be less 
than this. It is pointed out that even if the error should be greater, the value of 
vector analysis is not thereby impaired in its more important applications. 

Authors. 

Ungerleider, H. E., and Gubner, R.: Extrasystoles and the Mechanism of Palpita- 
tion. Tr. Am. Therap. Soc. 41: 1942. 

An analysis was made of 1,142 cases with extrasystoles in order to determine 
their clinical significance. In 58 per cent no objective evidence of heart disease 
was found. 

Ventricular extrasystcles occur with considerable greater frequency than supra- 
ventricular premature contractions, and in the presence of heart disease there is 
still greater preponderance of ventricular premature contractions. 

Several factors, which are discussed, increase the significance of premature 
beats. Among these are: the occurrence of premature beats of multifocal origin; 
frequent and persistent premature beats, particularly if they occur successively 
in short runs interrupting the regular rhythm; a definite increase in the number 
or shower of extrasystoles immediately following exercise; occurrence of pre- 
mature contractions in the presence of a rapid heart rate; inversion of the T 
wave in the regular beat which follows the extrasystole; and postextrasystolic 
pulsus alternans. 

Palpitation is a very common symptom often associated with extrasystoles. 
It has been generally attributed to an increased forcefulness of the regular beat 
following the premature systole, but several reasons are presented which indicate 
that this explanation is not tenable. It is suggested that palpitation occurring 
with premature contractions or tachycardia is due to, or associated with, an in- 
creased intensity of the first heart sound resulting from a more forcible closuie 
of the atrioventricular valves. The symptom of palpitation is of no particular 
significance and occurs in normal subjects as well as in those with heart disease. 

Authors. 

Solarz, S. D., and Eleck, S. R.: TJ - Wave Patterns in the Abnormal Electrocardio- 
gram. J. Lab. & Clin. Med. 28: 936, 1943. 

In 1,000 cases with diagnostic electrocardiographic patterns, 94 cases of ab- 
normal U waves were found. The U-wave patterns in these 94 cases showed the 
following chief characteristics: 

a. In the left heart strain and in intraventricular block of the common type, 
the U-wave abnormalities consist of inverted U waves in Leads II and CF,. 
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b. In the anterior wall infarction, abnormal (inverted or diphasic) TJ waves are 
found in Leads CF. and CF, with occasional similar abnormality in Lead I. 

c. In posterior wall infarction, inverted U waves are found most commonly in 
Lead CF,. 

d. No abnormal U waves were found in right heart strain or in intraventricular 
block of the indeterminate S type. 

A hitherto undeseribed TJ-wave abnormality, a negative bowing of the T-P 
segment in Lead I, is discussed. 

Instances of distortion of t lie T and P waves by large upright U waves and 
the confusion caused by the presence of prominent U waves in records of auricular 
fibrillation are pointed out. 

Evidence is presented relating the presence of abnormal IT waves to abnor- 
malities of the P-T-T segment. In left heart strain and in the common type of 
intraventricular block, there is usually concordancy in the direction of the T 
wave. P-T deviation and U-wnve direction. In posterior wall infarction there is 
concordancy of the deviation of the S-T segment and the direction of the U wave, 
but discordancy between T and U. In anterior wall infarction the reverse is true. 

In serial records the abnormal U wave may undergo an evolution independent 
of the changes in the S-T-T segment. 

Authors. 

Luisada, A. A.: On the Value of Mechanical and Acoustic Registration in the 

Diagnosis of Bundle Branch Block. Lev. argent, de cardiol. 9: 1C9, 1012. 

A clinical case is described in which mitral insufficiency caused by rheumatic 
endocarditis was associated with arteriosclerotic heart disease. The electrocardio- 
gram indicated a right bundle branch block. On the contrary, acoustic and me- 
chanical records, as well as fluoroscopy, gave evidence of a delayed left ventricu- 
lar systole. 

A diffuse bilateral lesion of the myocardium is admitted. The “right side” 
type of the electrocardiogram is explained by the right ventricular hypertrophy 
caused by the valvular lesion, in spite of the predominance of myocardial lesions 
on the left side. 

Considerations on the value of jugular vein tracings in the differential diag- 
nosis between “opening snap” of the mitral valve and third heart sound follow. 

A splitting of the C wave of the jugular tracing confirms the existence of two 
different components of this wave, each related to the activity of one ventricle. 

Author. 

Moia, B., and Battle, F. F.: The Electrocardiogram Before and After Exercise 

Following the Ingestion of Food. Rev. argent, de cardiol. 9: 339, 1943. 

In thirty normal subjects, the electrocardiogram obtained within one hour after 
a common meal, before and after a standard exercise (climbing a sixty-step stair- 
case), did not show any pathologic alterations. 

In thirty patients suffering from typical or atypical attacks of angina pectoris, 
and with electrocardiograms which were normal or showed simple axis deviation 
but without signs of myocardial damage, the electrocardiograms, obtained at rest 
but within one hour after lunch, showed alterations characteristic of myocardial 
ischemia in 27.2 per cent of the cases. 

After the ingestion of food, the performance of an exercise unable to provoke 
precordial discomfort (climbing at a moderate rate a GO-step staircase divided in 
three flights) gave positive results in 73.4 per cent of cases. The same exercise, 
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made several hours after lunch, produced definite electrocardiographic changes in 
only 23.3 per cent. In some of the patients in which this test was negative, the 
electrocardiographic changes appeared merely by eating. 

The usefulness of obtaining electrocardiograms at rest or after a moderate . 
exercise, within an hour of the ingestion of food, for the diagnosis of transitory 
myocardial ischemia, is emphasized. 

The test is innocuous and produces no uncomfortableness. 

The mechanisms by which the ingestion of food may originate or facilitate the 
appearance of the electrocardiographic changes described, are discussed. 

i ' 

Authors. 

Grier, G. W.: The Diagnosis of Congenital Heart Lesions in Children. Am. J. 

Roentgenol. 49: 366, 1943. 

As regards roentgen diagnosis, congenital anomalies may be divided into three 
classifications: 

A. Those with characteristic roentgen appearance. 

B. Those in which the appearance is either not characteristic, or else similar 
in different lesions. 

C. Those in which the roentgen appearance is either normal or abnormal, but 
offers no help 'in differentiating the lesion. 

Author. 

Fisher, C. E., and Mulligan, R. M.: Quantitative Stiidy of Correlation Between 

Basophilic Degeneration of Myocardium and Atrophy of Thyroid Gland. Arch. 

Path. 36: 206, 1943. 

A quantitative study has been made of basophilic degeneration of the myo- 
cardium in eight cases of atrophy of the thyroid gland, and in 142 control cases, 
of which 67 showed basophilic degeneration of the myocardium. 

The number of muscle fibers affected by basophilic degeneration in an area of 
myocardium measuring 19.28 square millimeters was designated as the basophilic 
degeneration index (B. D. I.). 

The basophilic degeneration index for the eight cases of atrophy of the thyroid 
gland was 40.5, and that for the eleven selected positive control cases was 7.7, 
showing a quantitative correlation between basophilic degeneration of the myo- 
cardium and atrophy of the thyroid gland. 

Authors. 

Garvin, C. F.: Tricuspid Stenosis, Incidence and Diagnosis. Arch. Int. Med. 72: 

104, 1943. 

Of 119 consecutive patients who died of rheumatic heart disease and were ex- 
amined post mortem, 43 (36.1 per cent) showed involvement of the tricuspid 
valve; in 13 of these the process had advanced to definite tricuspid stenosis (10.9 
per cent of the 119 cases). 

No new symptoms or signs helpful in diagnosis were discovered. . The study 
did emphasize, however, the importance of chronic organic rheumatic tricuspid 
insufficiency as an indication that stenosis is likely, for in each one of the seion 
cases of organic tricuspid insufficiency included in the series there was more or 
less stenosis. 

Three cases of tricuspid stenosis were diagnosed clinically. One of the pa- 
tients had very severe tricuspid stenosis, the circumference of the orifice measur 
ing 3.5 cm. Nevertheless, clinically there was pulsation of the jugular veins and 
of the liver. Apparently, marked stenosis of the tricuspid valve need not pre- 
vent the phenomena of tricuspid insufficiency. 

Author. 
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Weiss, S., Stead, E. A., Jr., Warren, J. V., and Bailey, O. T.: Scleroderma Heart 

Disease With a Consideration of Certain Other Visceral Manifestations. Arch. 

Inf. Med. 71: 749, 1949. 

The clinical histories of nine patients with generalized scleroderma are re- 
ported. Post-mortem examinations were performed on two patients. These nine 
patients were selected for study because they all had symptoms and signs of heart 
disease. Both the clinical and the pathologic studies indicate that the sclero- 
dermatous process is not confined to the shin but involves other organs. The 
cardaic failure is caused by myocardial scarring of an unusual type. Roentgen 
examinations may show involvement of the lungs. Dysphagia is common and 
esophageal stricture occurs. 

These patients demonstrate that scleroderma heart disease is a clinical and 
pathologic entity. 

Authors. 


La Due, John S.: Myxedema Heart: A Pathological and Therapeutic Study. 

Ann. Int. Med. 18: 832, 19-13. 

Hydropic vacuolization, loss of strintion, branching, pyknotic nuclei and irregu- 
larity in staining properties of the muscle fibrils are seen in myxedema heart but 
are not specific for this entity. 

Thiamin and vitamin B complex are ineffective therapeutic agents for myx- 
edema heart. 

Author. 

Selye, H., Hall, C. E., and Bowley, E. M.: Malignant Hypertension Produced by 

Treatment With Desoxycorticosterone Acetate and Sodium Chloride. Canad. 

M. A. J. 49: SS, 19-13. 

The nephrosclerosis produced by desoxycorticosterone acetate overdosage in 
the rat is particularly pronounced if the animals are kept on a high sodium 
chloride intake. Under such conditions, desoxycorticosterone acetate causes a 
pronounced rise in systolic and diastolic blood pressure, marked diuresis with in- 
creased excretion of sodium and chloride, proteinuria and clinical signs of severe 
cardiac decompensation. In some instances death ensues, due to hemorrhagic 
lung edema. 

The characteristic pathologic findings in rats so treated are hypertrophy and 
capsular fibrosis of the renal glomeruli with hynlinization of their ruft capillaries. 
Fibrosis, hynlinization, and even actual necrosis of the arteriolar walls is evident 
not only in the kidney itself, where the vasa afferentia are particularly affected, 
but also in the pancreas and the adrenal capsule. In the pancreas these vascular 
changes are frequently accompanied by edema and pronounced stroma prolifera- 
tion. The experimental disease thus produced bears a striking resemblance to 
the hypertensive heart disease of renal origin us seen in man. 

Authors. 

Grollman, A., Harrison, T. R., and Williams, J. R., Jr.: The Mechanism of Experi- 
mental Renal Hypertension in the Rat. The Relative Significance of Pressor 

and Anti-Pressor Factors. Am. .1. Physiol. 139: 293, 1943. 

Unilateral nephrectomy or the application of cloth or collodion to one kidney 
caused hypertension in a small percentage of normal rats. The subsequent re- 
moval from such animals of the kidney, to which cloth or collodion had been ap- 
plied, did not result in a significant decline of the elevated blood pressure. Total 
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nephrectomy in animals surviving sufficiently long tended to cause an elevation of 
blood pressure. The bearing of these experiments on the theories of the patho- 
genesis of experimental renal hypertension is discussed. 

•Authors. 

Katz, Y. J., and Goldblatt, H.: Studies on Experimental Hypertension. XXI. 

The Purification of Renin. J. Exper. Med. 78: 67, 1943. 

Extraction of finely ground fresh hog kidney with distilled water adjusted to 
pH 7.8 sodium hydroxide, followed bj' successive treatment, as described, with 
trichloracetic acid and acetone, gives renin in good yield of a purity suitable for 
physiologic studies and a good starting material for further purification. It con- 
tains 15 dog units per milligram of nitrogen. 

• Further successive purification of this material with ethyl alcohol and am- 
monium sulfate gives a preparation containing 130 dog units per milligram of 
nitrogen. The purest preparation hitherto reported contained 16.0 to 20.8 
units per milligram of nitrogen. Preliminary Tiselius electrophoresis studies sug- 
gest homogeneity, but further studies to establish purity are in progress. 

The properties of the most purified renin indicate that it is a protein. Its 
chemical and phj-siologic properties correspond to those of the material in crude 
renal extract which induces an elevation of blood pressure when it is injected 
intravenously. 

Authors; 

Richardson, G. O.: Atherosclerosis of the Main Renal Arteries in Essential Hy- 
pertension. J. Path. & Baet. 55: 33, 1943. 

Of thirty-two cases of essential hypertension examined at autopsy, twenty-five 
showed the presence of atherosclerotic plaques in one or both main renal arteries, 
with varying grades of apparent stenosis. 

Examination of 113 nonhypertensive controls showed plaques in eight cases. 
In only three of these were the lesions of comparable severity to those seen in 
the cases of essential hypertension. 

These findings are discussed, and it is suggested that atheromatous plaques 
may be capable of producing renal ischemia and consequent hypertension analo- 
gous to experimental hypertension. 

Author. 

Page, I. H.: Hypotension and Loss of Pressor Response to Angiotonin as the 

Result of Trauma to the Central Nervous System and Severe Hemorrhage. 

J. Exper. Med. 78: 41, 1943. 

Angiotonin refractoriness and hypotension follow upon injury to the central 
nervous system in dogs and cats. Refractoriness does not develop when the 
nervous system is quickly and expertly destroyed or the activity of the nervous 
system depressed by widespread injection into it of a local anesthetic. Ihe syn- 
drome develops in the absence of the kidneys and the suprarenal glands. 

Glycine, methyl isothiourea, and' rest are the only agents studied which tends 
to restore responsiveness, and the first two of these have only an irregular and 
temporary effect. 

There is a marked degree of specificity in the syndrome since undiminished 
pressor responses to adrenalin, tyramine, and methyl isothiourea are observed 
during complete angiotonin refractoriness. 
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Despite tlie prolonged hypotension, change in the amount of plasma proteins 
and in the hematocrit readings is not striking. 

Parallelism seems to exist between the fall in blood pressure after trauma to 
the nervous system and development of angiotonin refractoriness. After the syn- 
dronie has developed, elevation of the blood pressure by the injections of gum 
acacia solution or whole blood does not restore the responsiveness to angiotonin. 

Angiotonin refractoriness and hypotension also develop after marked hemor- 
rhage. Suprnrenaleetomv or nephrectomy does not. prevent its appearance. 

Author. • 


Logue, R. B.: Dissecting Aneurysm of the Aorta. Am. .T. M. Sc. 206: 54, 1943. 

A study of dissecting aneurysm of the aorta is presented. An ante-mortem 
diagnosis was made in ten of the twelve cases observed and confirmed on necropsy.' 

Isolated instances of dissecting aneurysm complicating calcareous aortic steno- 
sis and syphilitic aortic insufficiency are presented. A new sign of this disease 
is described, consisting of a bruit and thrill over the femoral artery. 

A history of previous hypertension, or an elevation of the blood pressure at 
the time of admission, was noted in eleven of the twelve cases. 

Tamponade was the cause of death in seven cases. Hemorrhage into the pleural 
cavity, uremia, coronary occlusion, and ventricular fibrillation were the other 
causes of death. 

Author. 

English, J. P.. and Willius, F. A.: Hemorrhagic Lesions of the Coronary Arteries. 

Arch. Int. Med. 71: 594, 1943. 

Hemorrhagic lesions were observed in the walls of the coronary arteries in 54 
of 135 hearts (40 per cent) and were directly or indirectly related to acute oc- 
clusion of the coronary artery in 20. The lesions were characterized by hemor- 
rhage associated with the presence of large lipoid-containing cells, proliferative 
intimal changes, and organization. Smaller, less active lesions usually were found 
adjacent to calcified plaques. The intimal changes that coexisted with the 
hemorrhage appeared to represent the primary factor in the pathologic condition: 
the hemorrhage was secondary. It does not seem logical, moreover, that hemor- 
rhage in itself can have produced the eflecis observed. 

Authors. 

Graef, L: Medial Hypertrophy of the Renal Arterioles in Pregnancy. Am. .T. 

Path. 19: 121, 1943. 

A case is reported of chronic unilateral hematuria in a colored female, 29 years 
old, who was cured by nephrectomy during the fifth month of pregnancy. The 
removed kidney revealed unusual, massive, medial hyperplasia and hypertrophy 
of the arterioles. There was accompanying intimal fibromuscular ln’perplasia of 
the interlobular branches of the renal artery. Focal fresh hemorrhagic erosions 
were found in the pelvis and ureter. 

The medial hypertrophy could not be accounted for by any known or demon- 
strable injury. A hypothetical explanation is offered, based on the theory that 
hormonal activity during pregnancy might be responsible for changes in the 
arteriolar smooth muscle comparable to those found in the gravid uterus. 


Author. 
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Holman, K. L.: Experimental Necrotizing Arteritis in Dogs. III. Bilateral 

Nephrectomy as Effective as Heavy Metal Injury in Its Production. Am. J. 

Path. 19: 147,’ 1943. 

Acute necrotizing arterial lesions affecting principally the large elastic arteries 
(aorta, endocardium of the left auricle, pulmonary and coronary arteries) have 
been produced with regularity in dogs by combining three factors: maintenance 
on a standard low-protein diet, plasma alteration (usually repeated daily injec- 
tions of plasma obtained from healthy donor dogs), and heavy metal injury, both 
uranium nitrate and mercuric chloride. 

In the present report it has been shown that bilateral nephrectomy can be sub- 
stituted for heavy metal injury, thus indicating that renal injury rather than 
heavy metal as such is the essential factor. 

Author. 

Wikle, H. T., and Cabot, N.: Embolectomy for Biding Embolus of Abdominal 

Aorta. Surgery 13: 264, 1943. 

Although the patient died twenty-seven days postoperatively, from what was 
apparently pulmonary infarction, the authors feel that the case is of sufficient 
interest to be reported because it does prove again that patients with severe 
cardiac conditions can be subjected to major surgical procedures without immedi- 
ate mortality. 

Autopsy would have made the case complete, and it is to be regretted that such 
a report is not available. However, in summary, a case of riding embolus at the 
bifurcation of the aorta is reported; the patient withstood three major surgical 
procedures in spite of the fact that she had a severe cardiac condition; and tech- 
nique of embolectomy has been illustrated. 

Authors. 

Luke, J. C.: Eetrograde Venography of the Deep Leg Veins. Canad. M. A. J. 

49: 86, 1943. 

A technique for performing retrograde femoral venography is described, and, 
in the course of twenty-nine such venograms, it has been found that the valvular 
mechanism of the femoral vein and its deep tributaries will allow retrograde flow 
of a contrast medium down the vein, even in cases of a normal leg. This is in 
contradistinction to the saphenous veins where the normal valve stations resist 
high pressure when retrograde injection is attempted. It is pointed out that 
retrograde venography is of use when a clear filling of the femoral vein is de- 
sired, and has its main indication in determining the presence or absence of a 
previous "silent” femoral phlebitis. 

Author. 

Beilis, C. J.: Measurement of the Circulation Bate: A Eeview of the Methods. 

Surgery 13: 27, 1943. 

A brief historical review of the methods which have been used for the determi- 
nation of the circulation rate has been presented. This information formed the 
basis for selecting sodium cyanide as the determinant in surgical patients. These 
results are described in a succeeding paper. 


Author. 
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Beilis, C. J., Doss, A. K., anil Craft, C. B.: Tlic Circulation Rate After Operation, 

With Special Reference to the EfTcct of Position. Surgery 13: 35, 1013. 

Usually, (ho cubital vein-to-earotid hotly time and ankle vein-to-earotid hotly 
time, as determined by the sodium cyanide method, is shortened after major 
surgery. In HU eases, the average preoperntive cubital vein-to-earotid and ankle 
vein-to-earotid hotly times were 17 and 3f> seconds, respectively; postopcrntivclv, 
the times were 1-1 and 3'J seconds, respectively. 

Circulation rates vary widely in patients with apparently normal circulatory 
systems. 

Acceleration of blood flow postoperntivelv is probably related to the increased 
metabolic demands of the organism, which art? manifest by increased temperature, 
pulse rate, and respiration. 

Gravity retards the flow of blood front the upper and lower extremities, either 
when the position of t ho extremity itself is changed or when the longitudinnl 
axis of the entire body is altered. 

Fowler’s position delays the return of blood from the lower extremities. 

Ankle vein-to-earotid body circulation rate is shortened by active motion of 
the foot or toes and by elevation of the extremity. 

AUTHORS. 


Stewart, II. .T„ Carty, J. R., anil Seal, J. R.: Contributions of Roentgenology to 

the Diagnosis of Chronic Constrictive Pericarditis. Am. ,T. Roentgenol. 49: 

3 10 13 . 

Roentgenologic study is of considerable importance in the differential diagnosis 
of chronic constrictive pericarditis. 

When venous engorgement, serous effusions, and hepatomegaly are present, in- 
dicating obstruction to the (low of blood through the heart, the composite roent- 
genologic picture pointing most conclusively to chronic constrictive pericarditis 
as a cause of this obstruction is as follows: A small or only slightly enlarged 
heart of abnormal configuration and often a rita of calcium at the periphery. 
The aortic knob is absent or flattened and deformed. Roentgenoscopic examina- 
tion reveals the excursions of the margins to be diminished to the point that the 
heart scents almost to be standing still. When the patient is tilted from side to 
side, tin 1 heart remains fixed in the midline and fails to elongate when the dia- 
phragms move downward. Pulmonary congestion i« usually evident, pleural thick- 
ening or effusion and extraperieardial adhesions deforming or imparting abnormal 
motion to the diaphragm may be found. The kymogrnm confirms the marked 
decrease in the amplitude of pulsation over the borders of the heart and of the 
aorta. 

Roentgenoscopic signs in the order of their diagnostic importance are: (a) 
limitation of the lateral shift of the anatomical axis of t lie heart with descent of 
the diaphragms when the heart is not greatly enlarged and there is no marked 
limitation of diaphragmatic motion; (c) decrease in the amplitude of cardiac 
pulsations over portions or all of the cardiac silhouette; and (d) paradoxic motion 
or deformity of tin* diaphragms due to the tugging of adhesions. 

Calcification is the most reliable sign of chronic constrictive pericarditis, espe- 
cially when the cardiac silhouette is enlarged, but is present in less than half of 
the cases and, when present, does not always indicate constriction of the heart, 
ft is sometimes visible under the roentgenoseope but is best demonstrated in 
lateral roentgenograms, and, occasionally, heavy exposures are neeessarv to dem- 
onstrate its presence. 

In the absence of calcification, the most common roentgenographic signs of 
chronic constrictive pericarditis arc: (a) a small and flattened or absent aortic 
knob; (b) abnormal configuration of the cardiac silhouette, usually with a tri- 
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angular or globular shape and loss of the normal subdivisions of the borders; and 
(c) evidence of pulmonary congestion. 

Die size of the cardiac silhouette, when small, is of considerable importance, 
but a marked increase in size or evidence of cardiovascular disease of other 
etiology (hypertension and arteriosclerosis, for example) does not necessarily rule 
out the diagnosis of chronic constrictive pericarditis. In these cases the diagnosis 
is more difficult but can usually be made from the composite roentgenologic and 
clinical pictures. 

There was no constant relationship between the thickness of the pericardium 
removed at operation and tiie size of the cardiac silhouette in roentgenograms. 

The roentgen kymogram is of considerable aid in the diagnosis, especially in the 
study of the pulsations along the aorta and right border of the heart where the 
amplitude of pulsation was found to be most regularly reduced. In addition to 
the reduced amplitude of pulsation, flattening and irregularity of the diastolic peak 
of the wave is sometimes a helpful but less important finding. Pulsations of normal 
or greater than normal amplitude may be seen over portions or all of the left border. 

No constant changes in the size or appearance of the cardiac silhouette or of 
the aorta were observed following operation. Some hearts became larger, others 
smaller. Increase in the amplitude of pulsations in the kymogram were regularly 
seen over portions or over all the cardiac silhouette but could not be related to 
the degree of relief afforded by pericardiectomy. 

Authors. 

Sagall, E. h., Horn, C. D., and Riseman, J. E. P.: Studies on the Action of Quini- 

dine in Man. I. Measurement of the Speed and Duration of the Effect Follow- 
ing Oral and Intramuscular Administration. Arch. Int. Med. 71: 460, 1943. 

After the administration of a cinchona derivative to a human being, the elec- 
trocardiogram uniformly shows an increase in the time from the beginning of the 
Q to the end of the T wave. In the present study, this index of the effect of the 
human heart was used to measure the speed and duration of action of quinidine and 
quinine administered to human beings either orally or by intramuscular injection. 

The effect became evident shortly after the administration of a single dose by 
mouth, reached a maximum in one and one-half to three hours, was then main- 
tained at a slightly lower degree for three to five hours, after which it decreased, 
at first rapidly, then more slowly, and was no longer evident in twenty-four hours. 

Quinine was much less effective than quinidine. 

Larger doses of quinidine sulfate did not change the time of the maximum re- 
sponse, although the effect became evident sooner and was more prolonged. 

The response to intramuscular administration of injectable quinidine (a solution 
of quinidine hydrochloride with urea and antipyrine) was much more prompt (within 
fifteen minutes) and the magnitude of effect was slightly greater, but the duration of 
effect was approximately the same as when an equivalent dose was given by mouth. 

When doses are given repeatedly either orally or intramuscularly, the response 
at any moment is essentially the sum of the separate effects of the individual 
doses acting at that moment. 

These results indicate that, in the treatment of acute arrhythmias, the admin- 
istration of quinidine should be repeated at intervals of two to two and one-half 
hours. This permits observation of the maximum effect of the preceding dose be- 
fore continuation of therapy with minimum loss of time. 

If more rapid control of the rate is required, administration of the drug maj 
be repeated at intervals of one hour until the desired degree of slowing is at- 
tained, after which, therapy can be continued at intervals of two to two and one- 
lialf hours. 
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In tlio treatment of acute arrhythmias, intramuscular administration should 
provide more constant and earlier response and eliminate the uncertainties and 
irregular absorption of oral medication. Intravenous administration is unneces- 
sary and unwise. 

Authors. 


Chavez, I.: Comparative Value of Digitalis anil of Ouabain in the Treatment of 

Heart Failure. Arch. Tut. Med. 72: 1«S\ KU:t. 

Tn the face of the divergence of opinion about the value of ouabain in the 
treatment of heart failure, the comparative actions of digitalis and of ouabain 
are outlined and the results of twenty years’ experience in the use of ouabain are 
set forth. 

Digitalis and otibnin have similar, but not identical, action on the decompen- 
sated heart. By way of comparison, digitnlis exerts a more pronounced effect on 
the functions of sinus excitation and nurienloventriculnr conduction, which it de- 
presses: ouabain, on the contrary, acts primarily on contractility and tonicity, 
which it stimulates. 

Comparatively speaking, digitalis directs its chief effect on the differentiated, 
neuromuscular tissue of the heart: ouabain, on the undifferentiated, contractile 
fibers of the myocardium. 

Digitalis, administered by tin* oral route, fixes itself slowly on the heart; ounbuin, 
administered intravenously, nets with rapidity. The maximum effect of digitnlis 
is reached in two or three days, whereas that of ouabain is reached in one or two 
hours. Digitalis accumulates; ouabain does not. On discontinuing the drug, 
digitnlis extends its effects over a period of several days, up to eight or ten: 
those of ouabain disappear in twenty-four to thirty-six hours. 

The best fields for the application of digitalis are: congestive heart failure 
with tachycardia and, especially, with auricular fibrillation; fibrillation even in 
the absence of heart failure; and long sustaining treatment of pntients with 
slightly decompensated cardiac disease. 

The best fields for the application of ouabain arc the acute phenomena of 
failure of the left ventricle and chronic failure of the left side of patients with 
vascular disease, such as coronary arteriosclerosis, hypertension, and syphilitic 
aortitis. 

The author recommends, as the best teelmifpie for the use of ouabain, one 
intravenous injection daily of 0.25 mg. in a series of six doses, and more, accord- 
ing to the tolerance of the individual patient and the clinical improvement ob- 
tained. Tn thousands of patients treated over a period of twenty years, the author 
has not encountered a single case of death attributable to ouabain. 
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Dill, L. V., and Isenhour, C. E. : Occurrence of Atheroma in the Aorta in Rabbits 

With Renal Hypertension. Arch. Path. 33: 655, 1942. 

Atheromatous plaques were found in the aortas of rabits with persistent hyper- 
tension, produced by aortic constriction proximal to the origin of the renal arteries. 
The plaque formation seemed to be proportional to the elevation and duration of the 
hypertension. It was also seen more frequently in animals in which frequent preg- 
nancies had occurred. 

Kersiibaum. 

Peery, T. M.: Incomplete Rupture of the Aorta. Arch. Int. Med. 70: G89, 1942. 

Small tears in the intima and media of the aorta are not uncommon findings at 
autopsy in cases of hypertension. These tears are thought to be an early stage of 
dissecting aneurysm, the stage before actual dissection has occurred. Most of the 
tears encountered have been transverse and across one of the commissures of the 
aortic valve. Tears in this area may result in slipping downward of the commissures 
so that the three valve cusps do not approximate, resulting in the clinical manifesta- 
tions of aortic insufficiency. In some cases the tears heal at this stage, resulting in 
crippling of the aortic valve and death from congestive heart failure. In other 
cases dissection may occur days or months later, through the base of the old tear, and 
obliterate the evidence of a stage of incomplete rupture. In several instances recon- 
struction of the past history of a case of dissecting aneurysm has revealed two 
stages. The original period of substernal pain and sudden dyspnea or choking 
probably corresponds to the stage of actual dissection. If the tear occurs higher in 
the aorta, so that there is no effect upon the commissures, there may be no aortic 
insufficiency, and clinical manifestations may be slight. Occasionally a rough, rasp- 
ing systolic murmur is noted over the aortic area. In cases in which dissection is 
preceded by incomplete rupture, the actual dissection is usually short, with termina- 
tion by hemopericardium and cardiac tamponade. Of the eleven cases reported, five 
have shown incomplete aortic tears as purely incidental autopsy findings; two have 
died of congestive heart failure due to aortic insufficiency; and four have later 
developed dissecting aneurysm which resulted in death. 

Author. 

Bergman, A., and Neuman, J.: Thromboarteriosclerosis and Venous Thrombosis. 

Medicina, Buenos Aires 3: 87, 1942. 

The clinical diagnosis of thromboarteriosclerosis does not presuppose the anatomical 
finding of an arterial thrombus or embolus. 

The thromboses of the deep veins can aggravate the clinical picture of ischemia 
and lead to the amputation of a limb. 

Authors. 


Ershler, I., Kossmann, C. E., and White, M. S.: Venous Pressure and Circulation 
Time During Acute Progressive Anoxia in Man. Am. J. Physiol. 138: o9J, 19-16. 


In nineteen young, healthy, male subjects, acute progressive anoxia, induced by 
rebreath in g, had the following effects: 

The venous pressure showed a variable response. In four subjects it progressive y 
decreased. In seven subjects, who fainted during the rebreathing the venous pres- 
sure rose precipitously just before syncope, suggesting failure of the right icntric c 
In all cases the venous pressure was restored promptly to norma ij pcrini mg 1 - 
subject to breathe room air. 
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The circulation time from the right arm to the longue was decree sec in a 
subjects. This decrease was statistically significant. The rate of circulation was 
normal or slightly slower in some cases as soon as the oxygen saturation of the blooc 
was restored to the control level. 

Authors. 

Naide, M.: Treatment of Leg Ulcers With Blood and Concentrated Plasma. Am. 

,T. Ar. Sc. 205: 4S0, 1043. 

A simple method has been described for the treatment of ischemic and varicose 
leg ulcers with patient’s own blood and with concentrated plasma. Nine of fifteen 
ulcers, refractory to other treatment, were healed, two were improved, and four failed 
to heal. This treatment results in rapid relief of pain and subsidence of the local 
inflammatory reaction. 

Author. 

Weston, E. E., Janota, M., Levinson, S. 0., and Ncclielcs, H.: Studies on Hemo- 

concentration and Shock Following Severe Hemorrhage. Am. .T. Physiol. 138: 

450, 1943. 

Typical shock has been reproduced by graded hemorrhage in eleven noil- 
dehydrated, and in fifteen dehydrated, unanesthetized, normal dogs. 

In two of the nondehydraled (IS per cent), and in eight of the dehydrated animals 
(53 per cent), hemoconccut ration occurred. Plasma volume and plasma protein 
determinations, before and after hemorrhage, revealed that the animals which homo- 
concentrated actually lost additional plasma fluid and protein as shock developed. 

Pathologic changes consisting of gastrointestinal engorgement and hemorrhage, 
pulmonary congestion and engorgement, and occasional changes in other viscera were 
observed in a number of animals. 

The hemodiluting, aondeliyd rated animals tolerated an average total blood loss of 
49 per cent as compared to an average total blood loss of 43 per cent tolerated by 
the other animals. 

The changes in plasma protein concentration after hemorrhage indicated that the 
hemoconcentrating dehydrated animals hemodiluted during and after hemorrhage to 
a lesser degree than the other three groups. This relative inability to hemodilutc 
could explain their inability to tolerate as much bleeding before going into shock, and 
could lesson the masking by earlier homodilution of the subsequent hcmoconccntra- 
tion as shock develops. 

It is suggested that the conflicting reports as to the occurrence of hemoconccntra- 
tion after hemorrhage may be related to the state of hydration of the animals studied. 

It is concluded that there arc no definite grounds for differentiating between 
hemorrhagic shock and shock from other causes. 

Authors. 

Fox, T. T., Travell, J., and IVIolof sky, L. : Action of Digitalis on Conduction in the 

Syndrome of Short PE Interval and Prolonged QES Complex. Arch. Tnt A led 

71: 20G, 1943. 

A case is reported in which the electrocardiographic picture of short P-E 
interval in association with prolongation of the QES complex was exhibited. Observa- 
tions were made over a period of nearly two years. 

The effect of changes in vagal activity produced in various ways was studied. 

The effect of atropine sulfate on this syndrome was always to shorten the QES 
time. This indicates that there was a vagal component in the mechanism of the 
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Iu repeated experiments digitalis uniformly produced widening of the abnormal 
QRS complex. That this effect involves vagal function was demonstrated by its 
disappearance after administration of atropine. 

The results of this study are in harmony with the hypothesis that this syndrome 
is due to an aberrant conduction- mechanism joining the sinal node with one of the 
ventricles. According to this hypothesis, the widening of the QRS complex by 
digitalis is due, not to an action of the drug on intraventricular conduction, but 
rather to depression of the auriculoventricular node, resulting in increased activity 
of the aberrant auricular conduction tissue with consequent increased asynchrony of 
the ventricular responses. 

Authors. 


Erratum 


Fig. 1 of the article by William 
an Electrocardiographic Pattern in 
tember, 1943, issue of the Journal, 
in its proper position. 


Dressier, ‘ ‘ Myocardial Infarction Indicated by 
Which T, is Lower Than T,, ’ ’ page 314, Sep- 
was printed upside down. It is reprinted below 
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Book Reviews 


Roentgenology of the Heart: Prepared by Robert M. Dalev, M.D., Richard S 

Gubner, M.D., and Harry E. Ungerleidcr, M.D., for the Medical Department of 

the Equitable Life Assurance Society of the United States. Published by the 

Picker X-Ray Corporation for free distribution, 1043, 10 pages, many illustrations. 

This brochure deals with techniques for measurement of heart size and interpreta- 
tion of the teleorocntgenogram, points out the practical applications of the kj mo- 
gram, outlines the criteria for enlargement of the various heart chambers, and 
presents in very clear and concise fashion the significance of cardiac enlargement 
in the common types of heart disease. A bibliography of the more important con- 
tributions to the subject of cardiac roentgenology is appended. 

For the most part, the material presented represents the consensus of investigators 
in this field. It contains a few statements concerning which one might hold an 
honest difference of opinion, depending upon one’s training and experience. For 
example, on page 4, the authors recommend three views in the routine roentgeno- 
graphic study of the cardiovascular shadow, the posteroanterior and the two obliques. 
In the experience of the reviewer, the lateral view should be included routinely, and 
usually either the left or right anterior oblique is sufficient in any given case, depend- 
ing upon the type of cardiac disease which is present. In persons of middle age or 
beyond, the left anterior oblique view is desirable for visualizing the entire thoracic 
aorta, whereas, in children and young adults, the right anterior oblique view is the 
more important because of the likelihood of mitral valve disease and congenital 
lesions. The authors nre to be commended for encouraging the use of the mid- 
clavicular line rather than the nipple line as a reference for (lie location of the apex 
impulse, but it should be pointed out that “the leftmost point at which a definite 
forward impulse is imparted to the palpating finger’’ is not as accurate as the point 
of maximum impulse for locating the actual cardiac apex. Extensive studies in which 
the heart borders have been projected orthodiascopieally to the anterior chest wall 
have shown that the point of maximum impulse corresponds much more closely to the 
anatomic apex. The statement that “The electrocardiogram is the most sensitive 
method to detect left ventricular hypertrophy’’ is open to question. In the experi- 
ence of the reviewer, the electrocardiographic pattern commonly known ns “left 
ventricular strain” (Barnes) is likely to be a late manifestation, and frequently does 
not appear until long after ventricular enlargement is demonstrable by roentgenologic 
examination. It is true, however, that in the occasional case of so-called “concentric 
hypertrophy,” the electrocardiographic pattern may be characteristic when no en- 
largement can be detected by measurement of the cardiac shadow. 

Under the heading “Interpretation of the Teleorocntgenogram,” the brochure 
calls attention to some very important points that are not generally recognized. For 
example, marked changes in the size of the heart shadow in a given person mav re- 
sult from deep inspiration or forced expiration, and only a teleorocntgenogram taken 
with the breath suspended in ordinary inspiration is suitable for heart size measure- 
ments. The pitfalls presented by the extrapericardial fat pad, the funnel chest, and 
scoliosis of the thoracic spine are well illustrated. Routine fluoroscopic examination, 
particularly in the lateral and oblique positions, tends to minimize the errors resulting 
from these complications. c 
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In tlie opinion of the reviewer, the section on mensuration contains a really 
valuable contribution, namely, a relatively simple method of estimating the frontal 
area from measurements of the long and broad diameters, which was originally pub- 
lished by Ungerleider and Gubner in the American Heart Journal for October, 
1942. Most cardiologists will admit, as emphasized by Ungerleider, that the cardio- 
tlioracic ratio is the poorest roentgenographic method of detecting cardiac enlarge- 
ment, whereas orthodiascopic measurement of the frontal area of the cardiac 
silhouette is probably the most accurate. The latter lias the obvious disadvantage 
of requiring a considerable ariiount of training in the technique. A teleoroentgeno- 
gram, on the other hand, can be taken in any laboratory by an ordinary technician. 
If the other disadvantages of measuring the frontal area, namely, the completing 
of the upper and lower borders and the use of a planimeter, could be obviated, one 
would have an ideal method for even the untrained. The method proposed by 


Ungerleider and Gubner approaches this ideal. They have shown that, by measuring 
the long and. broad diameters of the frontal cardiac shadow and applying the formula 
for the area of an ellipse, the frontal area of the heart can be closely approximated 
without actually resorting to planimetry. This will be particularly welcome news to 
those who have found it impossible to obtain a planimeter because of war restrictions. 
The authors have constructed a nomogram from which the actual area can be esti- 


mated by simply laying a ruler across two scales and reading the frontal aiea on a 
third scale. The reviewer has applied this method to 155 of his own orthodiagi anrs 
in which the area had been measured by a planimeter. This group was made up of 
patients of all ages, and included normal hearts as well as the common tipes of heait 
disease in various stages. The calculated area corresponded exactly to the planimetiic 
determination in 20 subjects (13 per cent), was slightly greater in 81 (52 pei cent) 
and smaller in 54 (35, per cent). The calculated area exceeded the measured area 
by more than 5 per cent in 7 per cent of the cases, and dropped below minus o per 
cent in 2 per cent of the entire group. Using the measured area as a basis, the 
average amount by which the calculated area exceeded the planimetiic area 11 
81 cases was plus 3 per cent, and the average of the 54 cases vhich fe e ' 
measured area was minus 2.5 per cent. This relatively close appioxima '° n 0 
planimetric area indicates that the method has a practical app ica ion o ■ 
value in the great majority of cases. The normal range piobablj S10U e 1 “ C1( '. 
by about 3 per cent to allow for the slightly decreased accuracy of the ellips 


formula. , . 

On page 9 of the brochure, the authors state that the M M 
drawn as the sum of two perpendiculars from the long d.amcte. to the 
the left heart borders. In the reriewer-s experre.ee, only vert.catly P'”«) e 
permits the broad diameter to be dratrn in one continuous l.M, »d » ”»« 
stances it has to be dirided. Variation in the placing 0 «*. 2 

diameter which lie, between the long ^ctcr “t/” ‘m! S^ points it was 

siderable difference in the calculated a e . 3 > fcnhr (approximately 

found tliat drying it from tlie lower end 1 •nnlmonie arch) gave 

1. 5 to 2 cm. below the junction of the left cardiac bold r “ repre- 

tlie most consistent results. The teleoroentgenogi am 1 “ S 1 .,j „ -p] lc nomogram 

sent, a. ideal, but not the most common, type of card me s, hoaettn T, c S 
is highly accurate, but would be much easier to use cooU * 

scales were divided at every 0.2 cm. instead 

further enlianced by extending the frontal area scale m both d lectio . 

The other methods listed for estimating heart size j*® P *° c ° thfm t j le mc thod 
value from a practical standpoint, and consideia y ‘ ' ‘ ^ a0 rtic arch 

of Ungerleider and Gubner. What t*e amthms i^r q £ the vascular 

diameter” (sum of maximum extensions to the right and 
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pedicle from midline), on page 9, in reality represents the width of the great vessels, 
including the superior vena cava as well as the aorta. A more accurate method 
of measuring the diameter of the aortic arch is shown on page 10. 

The criteria for tho enlargement of the cardiac chambers are well presented. 
However, it should be emphasized that there is no accurate means of detecting en- 
largement of the right ventricle except by angiocardiography. The roentgenograms 
illustrating the changes in size and shape of the heart in various common types of 
heart disease are characteristic of the conditions represented. 

On the whole, tho brochure is well done, the material is authentic, and the illus- 
trations have been carefully selected. It properly emphasizes the fact that measure- 
ment of cardiac enlargement has been lifted out of the realm of guesswork and has 
been made a procedure of mathematical precision. A simplified modification of 
the frontal area method of measuring heart size is presented, together with a nomo- 
gram for estimating the frontal area and a percentage deviation table which obviate 
the necessity for all computations. In the reviewer’s limited experience with this 
“short cut,’’ it is not quite as accurate as flic planimctcr, but, nevertheless, is 
highly practical. 

Chester M. Kurtz. 

• Hypertension : A Manual for Patients With High Bi,ooi> Pressure: By 
Irvine H. Page, M.D., Director, Lilly Clinic, Indianapolis City Hospital. 
'• Charles C Thomas, Springfield, 111., lOJ.'l, 09 pages, plus index, 7 illustrations, 
$1.50. 

The author, who is noted for his researches in the field of hypertension, has writ- 
ten a manual for laymen on the subject of hypertension. He has “attempted to 
give the patient an insight into his illness that he may be spared some of the dismav 
and-alarm and avoid quackery that will assail him from every side.” The author 
• has “tried to explain” the purpose of various examinations given to persons 
with high blood pressure, what hypertension is, and what can be done about it. 
He has been eminently successful. That some of the explanations are somewhat 
complex for laymen does not detract from the value of the book; most of them 
are clear and precise. Perhaps the author could have condemned many proprietary 
remedies with advantage, but that would have made many patients unhappy with the 
treatment which they are receiving; the placebo clTects of otherwise useless proprie- 
tary remedies may be substantial. The book is valuable not only for laymen for 
whom it was written, but for physicians for whom it was not written; many of 
them still maintain beliefs in old and scientifically disproved theories which are 
efficiently discarded in this volume. Almost all patients with hypertension and al- 
most all doctors who treat patients with hypertension would benefit greatly from 
reading this manual. The book is highly recommended. In general it is a clear 
explanation of a puzzling and common disease which constitutes one of the greatest 
problems of modern life. 


E. V. Allen. 
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TI-IE STRUCTURE AND INNERVATION OF THE CONDUCTIVE 
SYSTEM OF THE HEART OF THE DOG AND RHESUS 
MONKEY, AS SEEN WITH A SILVER 
IMPREGNATION TECHNIQUE 

Jose F. Nonidez, Sc.D. 

New York, N. Y. 

T HE present article is based on studies of serial sections of the heart 
impregnated with the Cajal silver nitrate technique. Since the 
presence of a differentiated conductive system in the dog has been 
questioned recently, 1 most of the work was carried out in this animal ; 
the monkey was used chiefly for comparison and because it is more 
closely related to man. A correlation of some physiologic phenomena 
with the anatomic observations will be attempted in the discussion. 

i. material and technique 

The dog material consisted of the hearts of four puppies (1, 4, 7, and 
40 days old, respectively), fixed with an alcoholic solution of chloral 
hydrate, followed by hardening in 95 per cent alcohol with a few drops 
of ammonia.*' Before impregnation the hearts were divided into blocks ; 
after reduction of the silver the blocks were dehydrated, embedded in 
paraffin, and cut serially; the plane of sectioning varied according to 
the structure to be studied. The best views of the conductive system 
were obtained in frontal sections, 12 to 14g thick. The material from 
the monkey consisted of the heart of a fully grown animal which was 
prepared in the same way except that a piece of the left ventricle was 
fixed with Bonin’s fluid for routine staining. 

The technique mentioned above does not impregnate all nerve fibers 
to the same degree. The axons of the sympathetic ganglion cells 
(sympathetic postganglionics) appear yellow to light orange, accord- 
ing to the length of impregnation; for this reason, namely, lack of 
contrast with the yellowish background of the preparation, they can- 
not be identified outside of the nerve bundles. All other nerve fibers, 
including the axons of the cells of the intrinsic cardiac ganglia (para- 
sympathetic postganglionics), have greater affinity for the silver and 

From the Department of Anatomy, Cornell University Medical College. 

Received for publication Jan. 16, 1943. 

*For further details of this technique see Nonidez. 5 
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are stained dark brown to black. - The constancy of these differences, 
which have been verified experimentally for the sympathetic ganglia 
supplying the heart, 3 makes it possible to follow the distribution of 
the parasympathetic axons, an advantage not possessed by other silver 
impregnation methods. In the adult monkey the contrast between the 
weak argyropliilia of the sympathetic axons and the greater affinity 
for the silver of the other nerve fibers is even more marked than in 
the dog, and. is also conspicuous in the peripheral nerves. * This shows 
that the differences noted above are neither restricted to the visceral 
nerves nor influenced by age. 

Although the technique used is primarily for impregnation of nerve 
cells and fibers, it permits identification of other tissues without coun- 
terstaining. Striated muscle fibers are well stained, and the capillaries 
are more readily identified than in sections prepared with routine pro- 
cedures. The connective tissue fibers are not ordinarily impregnated, 
but, when they are, they stain so diffusely that they cannot be mistaken 
for nerve fibers. In the particular case of the heart, the Purkinje 
fibers are well seen because of their very light impregnation, in con- 
trast with the ordinary myocardial fillers which stain more deeply 

(Fig. 9). 

n. OBSERVATIONS 


As far as the inferior (or distal) parts of the system are concerned, 
mj 1 - observations on the dog corroborate the classical ones of Tawara. 4 
There is an atrioventricular node which is continued interiorly into a 
main bundle (crus commune), and there are right and left bundle 
branches composed of Purkinje fibers. As will be shown presently, the 
node is richly supplied with nerve fibers, mostly axons of the ganglion 
cells of the subepicardial plexus, and this is in contrast with the in- 
ferior (distal) portion of the main bundle and right and left bundle 
branches and their ramifications, which are neither innervated directly 
by the vagus nor by the ganglion cells. Since the technique employed 
does not impregnate sufficiently the axons of the sympathetic ganglion 
cells, the problem of the sympathetic innervation of the conductive 
system is left unsolved. In addition to the atrioventricular node, there 
is a smaller sinoatrial node which is also supplied, although to a lesser 
extent, by parasympathetic nerve fibers. 

The conductive system of the monkey follows the same plan as in 
the dog, but the main bundle and proximal portions of the right and 
left branches have numerous parasympathetic nerve endings. Typical 
Purkinje fibers are absent; instead there are fibers rich in sarcoplasm 
that resemble the transitional stages between the Purkinje elements 
and the ordinary myocardial fibers of the dog. 

1. The Sinoatrial Node. a. Structure .— This node lies in the crista 
terminalis and consists of an elongated roundish mass (head) and a 
narrower portion (tail). It is best seen in very young puppies (big. 
1, A). It has been described as a mass of irregularly • anastomosed 
strands, separated by abundant connective tissue containing numeious 


'The differential staining of the fibers in the Peripheral nerves is very marked in 
preparations of the brachial plexus of an adult rhesus monkey. 
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capillaries. 5 My observations on serial sections of the hearts of very 
young puppies clo not agree entirely with this description. Indeed, in 
very young hearts, the trabeculated portion is actually the area oi 
transition between the ordinary myocardium and the node proper. 
The latter has a more compact appearance, and consists of frequently 
anastomosed fibers of myoblastic aspect, with few myofibrils; their 
nuclei vary somewhat in size and are so closely placed m some areas 
that they almost touch each other (Fig. 2). Between Hie fibers there 
are slender capillaries and connective tissue which presumably increases 
in amount with age. 



. Fig. 1, A and V . — Camera lncida drawings showing the position ot the sinoatrial 
and atrioventricular nodes, respectively, in a day-old puppy, drawn at the same 
magnification. Nodes, black, a, Artery supplying the crista terminalis, S-A node, and 
atrial wall; c, crista terminalis; m, main bundle (coarse stippling) ; •», nodal artery; 
V, pericardium ; pm, pectinate muscles ; s, s', interatrial and interventricular septa, 
respectively ; t, base ot septal flap of the tricuspid valve ; v, wall of the superior vena 
cava. Frontal series, posterior view of sections. 

Irregular strands radiate from the node in every direction, but they 
are more numerous on its internal (mesial) aspect; many trabeculae 
invade the wall of the caval funnel, whereas others connect, posteriorly 
with the muscular sheet that binds the atria together. As stated above, 
the strands or trabeculae represent the transition between the nodal 
tissue proper and the ordinary myocardium; accordingly, their fibers 
are richer in myofibrils and the nuclei are more scattered. Individual 
differences in the size and arrangement of the trabeculae may have led 
some authors to deny the existence of the node in adult hearts. Fur- 
thermore, the myoblastic fibers so clearly seen in the very young ani- 
mal are capable of further differentiation with increasing age. On 
account of this, the S-A node of older puppies does not stand out as 
clearly as in the newborn, but careful study shows a lesser degree of 
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differentiation of its constituent fibers as compared -with the ordinary 
myocardial elements. It is easy to understand, therefore, that to an 
observer who has not studied the heart of the newborn the differences 
noted may seem trivial. 

The S-A node of the monkey occupies the same position as in the 
dog, but in the adult, at least, its libers, although quite slender and 
wavy, contain more myofibrils, and their nuclei are somewhat more 
spaced. The trabeculated character of the node is more evident than 
in the puppy, and the spaces between the trabeculae contain larger 
amounts of connective tissue. 



Fis. 2.— Hish-power drawing of a vorUon or ni^S-A^ r J^ c -, cf ^ C oV C tlie '^n piiro np- 
proacb^the 1 transitional So, S' those to the ripht are typical of the dense portion 
of the node, c, Capiilaries. 


h. Innervation .—' The nerve supply to the S-A node is not as rich as 
might be expected, when one considers the wealth ot nene nm 
in its vicinity. The bundles, as well as numerous ganglion cells, hav; 
been seen by several authors in diverse animals, jnost • v 1,1 10U 
slides; however, manv of the nerve fibers in these mne cs c o no t 
the node, but supply the ordinary myocardial fibers m the surroundmg 
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region. The above statement refers only to the deeply impregnated 
parasympathetic poslganglionics; the larger bundles also carry pale 
libers (sympathetic postganglionics), but their final distribution could 
not be ascertained for reasons already mentioned. 

With the technique used, the deeply stained nerve fibers to the node 
and juxta-nodal area can be traced to ganglia scattered in the exten- 
sive nerve plexus investing the caval funnel and extending under the 
cpieardium of the intcrcaval space. Their distribution in the dog has 
been recorded by Bachmann/’ Schurawlcw, 7 and Nonidcz. 8 Small cells 
predominate in the ganglia of the caval funnel. w The ganglion cells 
receive , impulses through prcganglionies coursing in the vagi. The 
existence' of direct efferent vagal fibers is beyond experimental his- 
tologic demonstration because: (.1) elimination of the axons of the 
ganglion cells would require destruction of all the ganglia in the vi- 
cinity of the node, and time should be allowed for degeneration of the 
axons (fourteen to twenty days) ; (2) even if the operation were suc- 
cessful. there would be left numbers of small afferent fibers which 
cannot, be eliminated without section of the vagi, but this procedure 
would suppress at the same time the prcganglionies and whatever 
direct efferent fibers may occur. Experimental evidence showing that 
the ganglion cells are the source of parasympathetic nerve fibers to the 
node is found in the work of Bachmnnn r ' and Hcinbeekcr and Bishop, 9 
and will be considered in the discussion. 

The terminations of the parasympathetic postganglionics in the node 
do not. differ from those previously described for the atrial muscu- 
lature. 8 The finer branches end as minute single or double rings, 
“boutons,” and small reticulated enlargements in contact with the 
surface of the muscle fibers. Swellings also occur along the twigs, 
and are probably as important for the discharge of stimuli as the 
terminal rings and enlargements. Nerve endings resembling the motor 
plates of skeletal muscle, as described by Blair and Davies, 10 do not 
occur in the S-A node of the dog and monkey. 

Afferent nerve endings are present in close proximity to the S-A 
node. They resemble the neuromuscular organs (muscle spindles) of 
skeletal muscles. In the monkey (Fig. 3) they arc more elaborate than 
in the cat and dog, in which they were first noticed. 8 These termina- 
tions are not numerous, and arise from thick myelinated fibers; their 
branches are wound around the muscle fibers of one or more bundles 
which run intramurally in the right atrium and are continuous with 
longitudinal muscle bundles in the wall of the superior vena cava. 
The finer branches of termination end as simple or double rings and 
lamellar enlargements of considerable size. Whether these perimus- 
cular nerve endings belong to the conductive system is difficult to say. 
The constancy of their presence in the same position in the three 
s l )ccies examined suggests that they function during some phase of 


Unpublished observations. 
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the cardiac cycle, and the view has been advanced that they are the 
nerve endings for the hypertensive reflex of Do Wade and Van de 
Velde (Nonidez 11 ). In the cat they persist after upper thoracic sym- 
pathectomy. In this animal, according to Pannier, 12 elaborate afferent 
nerve endings are also present in the nodal tissue, and similar termi- 
nations occur in the walls of the atria and auricles. 

Mciklejohn 13 has described, in the monkey, Callitlirix, complex nerve 
endings wound around muscle fibers. According to this author, ‘ Some 
of the more complex endings surround a cluster of nuclei which ap- 
pear to be muscle nuclei, but which are much more closely grouped 
than the nuclei of the surrounding muscle.” "Very closely resembling 
some of the more complex endings described above, are the networks 
occurring in the course of some of the fibers. A small fiber sometimes 
breaks up in its course into a complex network, showing varicosities 
at the terminations and in the course of the fibrils. . . . Such a network 
appears to be a ‘station’ on the course of the fiber: the one shown at 
Pig. 13 could be traced through five sections 7ju. thick” (p. 8). From 
this description (based apparently on transverse sections of the heart) 
it appears that the elaborate endings described by Meiklcjohn were 
in all probability transverse sections of clusters of branches of the 
extensive terminations represented in Fig. 3 of this article; they are 
best seen in longitudinal sections of the heart, in which their true shape 
is displayed. 

In concluding the description of the innervation of the S-A node, it 
must be stated that, in the older animals which were examined, nerve 
fibers around and within the node were still scarcer than in the very 
young animals. This is undoubtedly due to spacing of the nerve fillers 
as a consequence of the growth of the myocardium. Accordingly, in 
serial sections of the adult heart it is difficult to visualize the extent 
of the innervation and the distribution of the nerve endings. It is for 
this reason that the hearts of newborn or very young animals were 
used in the present study. 

■ 2. The Atrioventricular Node . — The A-V node is larger than the S-A 
node and has a richer parasympathetic innervation. 

a. Structure . — In the newborn puppy, portions of the node proper 
and the main bundle appear side by side in frontal sections of the heart 
(Fig. 1, A). The largest portion of poorly differentiated nodal tissue 
occurs internal to the bundle (m), with which it is connected through 
gradual transitions. The node consists of (1) fibers with a myoblastic 
aspect, namely, short spindle or slightly branched anastomosed cells, 
with few myofibrils and oval or elliptical nuclei (Fig. 4), and (2) 
larger cells with round nuclei and clear cytoplasm, with variable num- 
bers of faintly argyrophilic granules. The latter cells also occur in the 
bundle, in which they tend to form rows ; they gradually change into 
the typical Pur kin je fillers characteristic of the more anterior (distal) 
portions of the bundle and its branches, to be described presently. 
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The more superior regions of the bundle and node (i.e., those por- 
tions nearest the opening of the coronary sinus) are not clearly defined 
because they are continuous with bundles of ordinary myocardial fibers. 
Of special mention is a bundle which passes toward the right side along 
the posterior wall of the root of the aorta, because it may be an im- 
portant path for impulses reaching the node and main bundle from 
the left atrium. 

The delimitation of the A-Y node is still more difficult in the rhesus 
monkey. The loosely reticulated portion, which, according to most 
descriptions, should be regarded as the node (Fig. 7, n) is actually 
the zone of transition between the atrial myocardium and the nodal 
tissue, and is less profusely innervated than the more compact portion 
which is continuous with the main bundle. The elongated nodal por- 
tion shows anastomosed fibers of variable diameter, some of which are 
rich in sarcoplasm; the cross striations of their myofibrils are more 
conspicuous than in the puppy (Fig. 8). 

b. Innervation . — Contrary to reports by other authors, 10 ’ 13 my ob- 
servations on the A-Y node clearly show that it has a richer innerva- 
tion than the S-A node.* This discrepancy is probably due to the fact 
that the authors mentioned above- used adult hearts, and also to the 
belief that the nerve bundles near the S-A node carry nerve fibers to 
this node, but in serial sections of the young heart it is evident that 
most nerve fibers in these bundles supply the atrial musculature, and 
that, as stated before, relatively few enter the S-A node proper. As to 
the use of adult hearts, it is to be remembered that the S-A node lies 
in the crista terminalis, where even in the adult it is easily accessible 
to the silver because of the thinness and relatively loose structure of 
the atrial wall, whereas the A-Y node lies internally against the mass 
of dense connective tissue of the annuli fibrosi. Under such conditions 
the penetration of the silver in the region of the A-Y nodes of adult 
hearts is more difficult than in the very young animal, in which the 
endocardium of the atrioventricular canal is much thinner than in 
the adult, and the connective tissue of the annuli less dense. 

The parasympathetic nerve fibers ending in the node arise from 
ganglia located under the epicardium of the coronary sulcus and pos- 
terior atrial walls. Perinodal ganglia (present in the calf and sheep) 
are absent in the dog and monkey, but small groups of ganglion cells 
do occur within the interatrial septum in the vicinity of the node. 

Fig. 4 gives an idea of the abundance of nerve branches and endings 
in the A-Y node of the same (1-day-old) puppy from which Fig. 2 was 
taken. The nerve fibers and their branches form an elaborate plexus 
ivithin the node. Reticulated swellings occur in the branches ; in good 


‘Recent observations by E. W. Walls (Specialized ConducUng- Tissue in the Heart 
of the Golden Hamster [Cricetus Auratus], J. Anat. 76: 359, 1942) which appeared 
when the present article was ready for the press disclose a similar situation. Accord- 
ing* to this author, numerous nerve fibers could he traced into the substance of the 
A-V node ; in contrast, the S-A node “has a poor nerve supply, no fibers or cells being 
demonstrable in the substance of the node.” 
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impregnations the terminal rings and minute club-shaped terminal 
enlargements of the finer branches of the arborizations are clearly 
seen. In many instances the terminal rings and enlargements occur 
in contact with the myoblastic elements of the node. 

The nerve fibers which branch within the node vary in diameter. 
When their relative thickness is taken into account, one is tempted 
to believe that the thicker fibers are afferent, but the type of their 
terminal arborization is not characteristic enough to permit a positive 
statement. Perimuscular endings of the type found in the vicinity of 
the S-A node (Pig. 3) do not occur in the region of the A-Y node. 



Fig. 4. — High-power drawing of a portion of the A-V node, showing nerve termina- 
tions. Same puppy as in Fig. 2, but slightly less magnified. 


In the monkey the nerve fibers branch not only within the A-V node, 
but also in the main bundle and proximal portions of its two branches. 
The fibers divide repeatedly and end as in the dog. The trabeculated 
or intermediary portion has fewer nerve fibers and endings. 

3. The Main Bundle (Crus Commune), a. Structure . — As already 
stated, the A-Y node of the dog is continuous with a bundle composed 
of fibers identical with those described for the node, and, in addition, 
Purkinje fibers; the latter predominate in the inferior (or distal) half 
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of the bundle. In serial sections this bundle is seen to divide into right 
and left branches. As shown by Tawara, the main bundle runs in the 
midst of the narrow membranous portion of the septum. This is 
clearly seen in frontal sections of the heart. Fig. 5 is a camera lucida 
sketch of a section of the heart of a 40-day-old puppy, and shows the 
origin of the left bundle branch (&')• Since the series in this case 
begins posteriorly, the branch under consideration, running subendo- 
cardially on the left surface of the interventricular septum, appears 



Fig-. 5. — Camera lucida drawing: showing the main bundle O') in the membranous 
portion of the interventricular septum (s), the left bundle branch (6), and the distal 
portion of the right bundle branch ( b") in the wall of the right xcntricle Or) ■ 
a. Aorta; av, aortic valves; c, left coronary artery ; Iv, wall of left ventricle; n, ■wall 
of pulmonary artery ; ret, right atrium ; t, tricuspid valve. Posterior ic.w of a front. 1 
section of the heart, 40-day-old puppy. 


toward the left of the figure. The right branch is not seen at this level 
because it is actually the continuation of the main bundle beyond the 
point of origin of the left branch; it divides into branches which con- 
tinue distally within the septum and finally reach the surface of the 
right ventricle ( rv ), ascending subendocardially toward the atrioven- 
tricular orifice, in the vicinity of which they can still be detected (h ). 
The drawing is practically identical with Tawara s Fig. 7, Tafel I; the 
only difference is that the figure by Ibis author was copied from a 
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scries beginning anteriorly, i.c., the left branch appears toward the 
right of the observer. 

Fig. 6 is a photomicrograph of the main bundle (b) in the same 
section from which the preceding figure was made. Even though it 
lacks detail, the contrast between the bundle (composed of Purkm.ie 
fibers) and the ordinary myocardial fibers of the interventricular septum 
(.9) is quite marked. The presence of a space between the periphery 
of the bundle and the surrounding tissue is also evident. 



Fipr. f>. — Photomicrograph ot the main bundle (l>) from section In the preceding 
figure, a, Atrial musculature; r, fibrous ring; s, musculature of the interventricular 
septum. Notice definite space between, the bundle and the surrounding tissues. 

Study of serial sections shows that, in this puppy, at least, the only 
connection between the atrial and the ventricular musculature is the 
main bundle. The existence of secondary connections in other puppies 
is within the bounds of possibility; if, as claimed by most investigators, 
the conductive system differs functionally from the ordinary cardiac 
musculature, it is questionable whether these connections would influ- 
ence the physiologic properties of its tissue, but they may attenuate or 
even suppress the symptoms expected after block of the main bundle. 
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Tlie above statements apply also to the monkey. Fig. 7 shows the 
A-V node and bundle (solid black) in the membranous portion of the 
septum (stippled). A shows the point of origin of the left branch 
(&")» while B shows also the right branch (V). In contrast with the 
main bundle of the puppy, the corresponding structure of the monkey 
is more differentiated in the sense that the muscle fibers have more 
myofibrils and a correspondingly smaller amount of sarcoplasm ; how- 
ever, fibers with fewer myofibrils, a greater amount of sarcoplasm, and 
larger nuclei also occur in the bundle (Fig. 8). 



Fig. 7, A and B . — Camera lucida drawings of the A-V node, main bundle (b), and 
right (&') and left (b") bundle branches of an adult rhesus monkey. The space be- 
tween the bundle and the surrounding tissues has been indicated, a, Wall of the 
root of the aorta; c, connective tissue of the pars membranacea of- the interventricular 
septum ; n, trabeculated portion of the A-V node ; t, septal flap of the tricuspid valve. 
From a transverse series of the heart. 

b. Innervation . — The extent of the parasympathetic innervation of 
the main bundle is different in the two animals studied. In the dog the 
nerve fibers are restricted to the superior part of the bundle (i.e., the 
portion next to the node) whereas in the monkey, as noted by Meikle- 
;john, 13 nerve fibers and their arborizations occur throughout the bundle 
(Fig. 8) and course for some distance within the right and left branches, 
which they may reach through devious paths. It would seem, then, 
that crushing the A-V node and bundle in the monkey may not com- 
pletely abolish the chronotropic effect of the vagus on the ventricular 
musculature, for numbers of nerve fibers from ganglia in the coronary 
sulcus may escape injury, whereas, in the dog, the operation suppresses 
vagal influence to the extent that in about 50 per cent of the cases it can 
be demonstrated only after eserine. 14 The type of nerve endings that 
were found in the main bundle of the monkey is essentially the same 
as in the other portions of the conductive system. 
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4 The Right and Left Bundle Branches and Their Ramifications.— 
The structure of these branches differs in the two species studied. In 
the dog their component fibers resemble closely the Pur kin je strands 
of the calf, sheep, etc., whereas, in the monkey, the differences between 
the Purkinje elements and the ordinary myocardial fibers are less 
marked. 





Fig-. 8. — Nerve branches and terminals in the A-V bundle near the node, under high 
magnification. Same as in preceding figure. 


a. Structure . — In the dog the branches divide repeatedly until an 
elaborate system of subendocardial strands is formed. The most typi- 
cal Purkinje fibers occur immediately beneath the endocardium (Fig. 
9, left). They have swollen portions which are separated from each 
other by constrictions. The swollen portions usually contain two nuclei 
which may be closely placed or separated; the nuclei often have a 
crescentic shape and may appear crenated. Distinct perinuclear spaces 
are seen in most segments. Each of the latter is crossed by myofibrils, 
gathered into definite bundles or running more or less independently. 



590 


AMERICAN HEART JOURNAL 


The myofibrils of the different segments are continuous ; as they pass 
through the constricted portion they show deeply stained granular 
enlargements, well illustrated by Tawara. Indeed, the Purkinje fibers 
in m y preparations agree in every detail with those represented by this 
author in his Figs. 2, 3, and 5, Tafel V, taken from serial sections of the 
heart of a 3-day-old puppy. They also correspond to the elements 
labeled as Purkinje fillers in the photomicrographs published by Abram- 
son and Margolin. 15 



Pig-. 9.— (Left) Subendocardial Purkinje fibers and p ( ri& h t) th< puppy ’ "as' in" Figs. 
ordinary myocardial fibers. Notice absence of nerve flbeis. Same puppy s 
5 and 6. 


Immediately beneath the large Purkinje fibers there are strands com- 
posed of smaller segments containing one or two nuclei and fewei 
myofibrils (Fig. 9, left). These thinner fibers gradually connect with 
the ordinary cardiac fibers, either subendocardially or in the deepei 
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portions of {lie ventricular wall. The connection between the two 
types is better seen in the ‘drawing at the right of the figure. Some 
of the slender segments have two closely placed nuclei of more or less 
crescentic shape, enclosed within a perinuclear space; the myofibrils 
seem more numerous and have thickenings as they pass from segment 
to segment of the fibers. These thickenings are not present in the ordi- 
nary cardiac fibers; the intercalated discs of the latter do not show in 
silver impregnations. 

In the dog. at least, there can be little doubt that, although the Pnr- 
kinje strands run predominantly parallel with the inner ventricular 
surface, they eventually connect with the myocardium. The term 
“embryonic. M applied by Todd 1 ** to the fibers rich in sarcoplasm and 
poor in myofibrils, is unfortunate because the muscle fibers of the atria 
and ventricles do not go through a stage corresponding structurally 
to the Pnrkinje fibers of postnatal life, indeed, the formation of the 
Pnrkinje elements in the embryo is a process of gradual differentiation 
which is continued to some extent in early postnatal life. 0 In newborn 
and very young puppies the Pnrkinje fibers are loss distinct, and thin- 
ner than in the older puppies. 

The monkey lacks the typical Pnrkinje elements that are seen in the 
puppy, but the ramifications of the right and left bundle branches 
consist of fascicles which differ from the ordinary myocardial libers. 
The Pnrkinje strands in this animal are composed of fibers of irregular 
size, embedded in connective tissue. Most fibers have a large amount 
of sarcoplasm which contains numerous spherical, closely placed, trans- 
parent granules appearing as rings in optical section; these granules 
do not occur in such an abundance in the ordinary cardiac muscle 
fibers. The nuclei of the Pnrkinje elements are often quite irregular 
in shape, and may have a crenated aspect due to pressure of the. sarco- 
plasmic granules against the nuclear membrane. In the larger fibers 
the myofibrils occur in small bundles or run independently from each 
other in the abundant sarcoplasm, but in most cases they occupy the 
periphery of the fiber. These structural details, plainly visible in silver 
preparations, are still better seen in sections stained with the Masson 
triehromic technique (Fig. 10). 

b. Tnncrvttiion . — As is the ease with the superior part of the main 
bundle, the right and left bundle branches of the dog are not supplied 
by parasympathetic nerve fibers. That, absence of the latter is not the 
result of faulty impregnation is shown by the fact that, the parasym- 
pathetic plexus in small arterial branches which occur here and there 
in the vicinity of the Pnrkinje strands is well impregnated. The oc- 
currence of sympathetic innervation cannot he either denied or af- 
firmed with the technique used, but the paucity of pale fibers in the 


•lliis opinion is based on study of the hearts of calf embrvos in the splendid 
enibryologic collection of tlie Department of Zolilogv of Cornel! TTniwpSnv 
author is indebted to Dr. B. F. Kingsbury and Dr. H. B A del man 
tended to l>lm during ids visit to their laboratory. -' iimnnn fo1 <-‘oui tcslcs ex- 
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vicinity of the branches indicates that the participation of the sympa- 
thetic in the innervation of the Purkinje strands must be limited. 

As already stated, in the monkey, parasympathetic fibers extend into 
the proximal (or initial) portions of the bundle branches. The fibers 
course in nerve bundles which become progressively smaller and finally 
disappear. The more distal portions of the conductive system in the 
ventricles lack a parasympathetic nerve supply. 
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Nerve terminations among the Purkinje fibers have been desciibed 
in the calf and sheep by all authors who have studied the innervation 
of the heart in these animals. According to Yi tali, 11 the neive ers 
are vei'y numerous, and, through multiple branchings, they give use 
to a complex plexus enveloping the Purkinje strands; he regards these 
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fibers ns afferent. A study of the figures by this author lends me to 
believe that the fibers described by him are not nervous, but that they 
belong to the argyrophil reticulum which is present everywhere in the 
heart. 

5. The Parasympathetic Innervation of the Atrial Myocardium . — An 
interesting feature of the nerve supply to the heart is the participation 
of the parasympathetic nerve fibers (axons of the neurons of the in- 
trinsic ganglia) in the innervation of the atrial and auricular myo- 
cardium. This is in contrast with the nerve supply to the myocardium 
of the ventricles, which is by means of sympathetic postganglionics 
from the middle cervical, stellate, and upper thoracic ganglia. Fibers 
arising from these ganglia also reach the atria, but, with the technique 
used, it is impossible to learn their ultimate destination. 

The existence of ganglion colls to supply the cardiac muscle fibers 
is known through the researches of Dogiel, ,s Woodard, 10 Lawrentjew, 20 
and Xonidcz. 2 Wool lard expressed the view that the greater part of 
the parasympathetic nerve fibers supply the supraventricular portions 
of the heart. This has been confirmed with the chloral hydrate-silver 
technique because of the strong affinity of the axons of the ganglion 
cells for the silver. In the monkey, in which the initial (proximal) 
portions of the right and left bundle branches are supplied by para- 
sympathetic postganglionics, the contrast between these portions and 
the ventricular myocardium is quite marked. I have been able to 
follow the right bundle branch in serial sections of the interventricular 
septum, and. although deeply stained nerve fibers are seen ending 
within the branch, in no case have I seen terminations in the surround- 
ing myocardial fibers. 

The mode of termination of the parasympathetic nerve fibers on the 
atrial myocardium is similar to that described for the nodes; contact 
with the muscle fibers is effected by means of terminal and subterminal 
rings, minute club-shaped dilatations, and reticulated swellings (Noni- 
dez, 2 Figs. S to 12). The terminations of the sympathetic postgan- 
glionics in the ventricles (as seen with other impregnation techniques) 
are very similar to those of the parasympathetic fibers. 

The branches of the parasympathetic postganglionics ending on the 
atrial myocardium do not seem as numerous in the adult as in the 
hearts of very young animals. Whether branching of the nerve fibers 
increases in complexity after birth is difficult to say, but my impres- 
sion is that a good deal of spacing takes place. 

III. DISCUSSION 

These observations on the structure and distribution of the conduc- 
tive system are in substantial agreement with views currently held. 
Indeed, in young hearts it is possible to follow the distribution of the 
conductive system better than in the adult because serial sections can 
be obtained without an undue amount of labor, and the distances in- 
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volved aie shorter. Tlie same can be said of the hearts of small animals. 
In impregnations of frozen sections of the entire heart of the rat with 
the Bielsehowsky-Gros technique, Lawrentjew and Gurwitsch-Lasow- 
skaja 21 found that the A-Y node and main bundle take the silver more 
rapidly than the surrounding structures, and thus can be readily de- 
tected under low magnifications. 

Although there are reports on the innervation of the conductive 
system , 10 ’ 13 ' 1,1 10 > 21 the techniques used by these authors did not per- 
mit differentiation of the parasympathetic from the sympathetic in- 
nervation. With the procedure employed by the present writer it is 
possible to identify and, in favorable eases, trace the parasympathetic 
postganglionics to their terminations. As already stated, some of these 
fibers (axons of the neurons of the intrinsic cardiac ganglia) end in 
the nodes and atrial myocardium, whereas others course with the 
branches of the coronary arteries in the ventricles, as well as in the 
atria. At present it is impossible to say Avhether there are direct ef- 
ferent vagus fibers, for reasons already stated. The physiologic evi- 
dence, however, shows that destruction or paralysis of the ganglia of 
the S-A junction of the dog leads to a loss of chronotropic influence . 8 
Similarly, in the eat, nicotine injection not only prevents the chrono- 
tropic effect, but it also suppresses the inotropic . 0 

The relatively small numbers of myofibrils, greater abundance of 
sarcoplasm, and presence of glycogen in the Purkinje fibers have been 
regarded as important structural factors in the rate of their conduc- 
tion and refractory period. In other parts of the system, specially in 
the nodes, the fibers are finer and their glycogen content smaller; in- 
deed, the finest fibers and lowest glycogen content are said to occur 
in the A-Y node, and this has been invoked to explain the slower con- 
duction through this structure . 22 However, recent observations by 
Goss 23 on rat embryos show that the pause between the atrium and 
ventricle already occurs in the early heart before differentiation of the 
conductive tissue has taken place, and that it approximates the adult 
value. In the light of these observations, it seems probable that the 
role of the rich parasympathetic innervation of the A-Y node is a 
subsidiary one, i.e., it increases the A-Y interval upon vagal stimula- 
tion. Since the nerve terminals are more numerous than in the S-A 
node, the greater influence of the vagus on the A-V node -4 and the 
production of block upon electrical excitation of this nerve can be 
accounted for. Similarly, we would find an explanation of the A-Y 
block induced by digitalis in cases of auricular fibrillation, and of the 
effect of morphine in producing a similar effect through central ex- 
citation of the vagus . 25 The injection of pitressin or neosynephrin 
frequently interferes with conduction; the reflex slowing occurs via 
either vagus, but only the nerve on the left side exerts sufficient effect 
on A-Y conduction to produce block , 20 a result which is in accord with 



XOXIDKZ: CONDUCTIVE SYSTEM OE HKAItT 


595 


the histologic observations, for most of the nerve supply to the A -A 
node and bundle is from ganglia receiving prcganglionics from the left 
vagus. Of further interest is the coincidence of the area of richest 
innervation of the A-Y node of Ihe dog with the “susceptible region 
of Lewis, White, and Meakins." 7 

Another interesting feature is the absence of parasympathetic in- 
nervation of the lower (or distal) portions of the conductive system, 
which are lodged within the septum and ventricular walls. In the dog 
this is also true of the main bundle and the bundle branches, whereas, 
in the monkey, the proximal part of the latter contain nerve endings. 
It has been claimed that, after destruction of the canine A-V node and 
bundle, the vagus still exerts an influence on Ihe idioventricular rhythm. 
However, .Jourdan and Fromcnt, M who have reported this effect, admit 
that in about 50 per cent of the dogs the influence was so weak that 
it could he detected only after the injection of eserine. They accord- 
ingly suggest that vagus impulses reach the ventricles through devious 
paths. That the vagus normally exerts little or no action on the ven- 
tricles is now generally accepted. Furthermore, the experiments of 
Wiggors,” carried out. in the course of many years, show that vagal 
excitation fails to abolish ventricular fibrillation produced in various 
ways. 

As noted before, the axons of the neurons of the intrinsic cardiac 
ganglia (parasympathetic postganglionics) arc widely distributed 
throughout the heart, but the only muscular structures supplied by 
them are to be found in the supraventricular regions. In addition to 
the postganglionics ending in Ihe conductive system, there arc fibers 
which establish contact with the ordinary myocardial fibers of the 
atria and auricles (appendages). The separate chronotropic and ino- 
tropic effects which follow excitation of the vagus thus rest on an 
anatomic basis, lleinbceker and Bishop 0 have shown that, during re- 
covery from nicotine poisoning, stimulation of the vagus of the cat 
causes a slowing of the heart before the inotropic susceptibility has 
been recovered. This they have interpreted as indicating that there 
are nerve fibers which cause the chronotropic depression, whereas 
others produce the inotropic effeel only. In either case, transmission 
, of the nervous impulse is through ganglion cells. 

The parasympathetic innervation of the S-A and A-V nodes, respec- 
tively, accounts for the marked influence of Ihe vagi on conduction. 
Whether there is sympathetic innervation of the nodes eoukl not be 
ascertained with the technique used in these studies. The same can be 
said in regard to the possible occurrence of sympathetic terminations 
in the atrial myocardium ; should they be present, then the atrial mus- 
cle fibers would have a double innervation, as opposed to those of the 
myocardium of the ventricles, which are supplied solely by the sym- 
pathetic. The existence of a parasympathetic innervation of the supra- 
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CAPILLARY STUDIES IN MIGRAINE; EFFECT OF ' 
ERGOTAMINE TARTRATE AND WATER, DIURESIS 

M ALTER ReDISCH, M.D.," AND RUDOLPH IT. PELZER, M.D. 

New York, N. Y. 

INTEREST in the phenomena nnderlying attacks of migraine has led 

to attempts to explain the mechanism involved. Graham and Wolff 1 
were able to show that dilatation and increased amplitude of pulsation 
of the branches of the external carotid artery occurred during the 
attack, and, because reduction of the pulsation relieved headache, con- 
cluded that this fact was important to the mechanism of production 
of an attack. Kennedy 2 and others believe that local edema in the 
brain substance might be the cause of the attack. These two concepts 
are, a priori, not eontradietoiy, in that, with increased pulsation, ar- 
teriolar dilatation may be infeiTed, and, under these circumstances, fluid 
might more readily pass through the Avails of capillaries. Since ex- 
change of fluid substances between the blood and the tissues occurs 
chiefly through the endothelial Avail of the capillaries, 3 ' 5 it Avas believed 
that study of capillary behavior in migraine might be fruitful. 

The capillaries of the surface of the skin, as AueAved by direct mi- 
croscopy in man, vary in different areas. Morphologically, tAvo main 
types are recognized. Over most of the surface of the body, the periph- 
eral vessels are arranged in a network (rete mirabile ). 6 ’ 7 The second 
type forms a so-called terminal circulation, the vessels of Avliieh are 
referred to as “end capillaries.” In such regions as the base of the 
cuticle of the fingers and toes, the skin over the tibia, 8 and the gingival 
papilla 9 there is a faiidy regular and horizontal arrangement of the 
loops. This permits obseiwation of the blood floAt r through portions of 
the capillary AA r hich may be distinguished as an arterial limb, a A r enous 
limb, and an intermediate part connecting the tAvo, often referred to 
as the transitional limb. 

In order to describe as objectively as possible the appearance of 
surface capillaries, the following observations haim in each instance 
been commented upon: 

1. Form of the individual capillary loops and arrangement in the 
field. 

2. Diameters of the arterial, A r enous, and transitional limbs. 

3. Occurrence of the blood floAV and, Avhen present, its speed and 


regularity. 
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4. Visibility of the vessels in the deepen layers oi the arterial and 
venous limbs and the subpapillary plexus. 

5. Distinctness of the capillary outline. 

Although most of these characteristics have been referred to exten- 
sively in the literature, variation in the distinctness has generally been 
regarded as caused by the specific nature or character of the skin, or 
to technique, when indirect illumination was used. Deutsch" 1 has, how- 
ever, very recently reported a direct relationship between decreased 
visibility and increased permeability of the capillaries. 

METHOD 

The first report of direct observation of the capillaries of the human 
skin was published by Lombard," in 1012. Cedar oil was placed on 
the surface of the skin at the base of the cuticle to obtain a homogenous 
refracting medium, a cover glass was placed upon the oil, and Ihc 
field was illuminated from the side. The basic principles of this 
method have been used up to the present time, and have been modified 
only in that the use of the cover glass has been dispensed with, the 
illumination improved, and special microscopes devised. 

Certain limitations exist in using microscopic examination of capil- 
laries as a guide to the nature of vascular responses: (1) It is sub- 
jective. This defect can be remedied to a certain extent by employing 
a camera, either still or moving, but. even here, interpretation is dif- 
ficult. This is true especially with regard to distinctness of outline 
because of the possibility of shift in position during the taking of a 
picture. (2) It takes account of so few of the many capillaries in- 
volved in a vascular pattern. (3) It can be employed only on or very 
near the surface (skin or mucous membranes). For our purpose it 
was found advantageous to employ the base of the cuticle for studies 
of the skin, and the inner surface of the lower lip for studies of the 
mucous membranes. These sites were chosen because the regions arc 
readily accessible, to the objective lens of the microscope. Ihe arterial 
and venous limbs of the capillaries can be observed over a greater 
distance, and .because they arc "end capillaries." 

The source of light was either an automatically adjustable, air-cooled 
electric light, equipped with heat absorbing glass filters, or a carbon 
arc lamp and a water-cooling cell filled with 1 per cent nickel chloride 
solution. For the study of mucous membranes the "Ultrapak" device 
was most serviceable. Observations were made with magnifications of 
60 or 70 diameters. For direct photography of the field, a beam split- 
ting mechanism was used. 

The data in this report were obtained from the e'-amination of 118 
patients (of whom 108 were photographed) in Ihe Migraine Clinics at 
Bellevue Hospital and New York University College of Medicine. 


UIISI'.K NATIONS 


Preliminary observations on patients during migraine attacks indi- 
cated the occurrence of a regular tendency to indistinctness or "blur- 
i ing of the capillary outline; this was less marked during the interval 
between attacks. Particular attention was thenceforth given to the 
observation of this phenomenon; since the conditions of’obscrvation 
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were relatively constant, it seemed likely that changes in distinctness 
might indicate a change in physiologic state. Indistinctness of the 
capillary outline was a.lso observed in women during menstruation, 
and oeccasionally in other persons. 
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laries of the mucous membranes of the inner surface of the lower lip 
in 22 cases (Fig. IF). 

The blurring was found to be present during migraine attacks and 
absent or diminished during the hcadaclie-free interval in over three- 
fourths of the cases. The state of visibility varied even during the 
period of a single observation. The distinctness of the capillary was 
influenced by intravenous injection of ergot amine tartrate during an 
attack, the pattern of which is described later in this paper. Simulta- 
neous observations were made on the capillaries of the skin at the base 
of the cuticle and on the mucous membranes of the mouth, and showed 
parallel changes. In any one observation, the mechanical setup re- 
mained unaltered throughout, and comparisons were made with the 
sharpest focus obtainable in the given field. 

EFFECT OF EGROTAMINE TARTRATE UPON THE SURFACE CAPILLARIES 
IN MIGRAINE ATTACKS 

Numerous observations 18 *" 1 tend to show that ergotamine tartrate is 
effective in terminating the migraine attack. According to Lennox 
and Leonhardt, 17 the beneficial effect is due, at least in part, to an 
increase in arterial tone, arterial pressure, and rate of blood flow, to- 
gether with a decrease in blood volume. Graham and Wolff 1 consider 
migraine to be directly related to the amplitude of pulsation of 
branches of the external carotid arteries, and relief from the attack 
by ergotamine was correlated with constriction of these arteries and 
reduction in amplitude of their pulsation. 

METHOD 

The peripheral capillary e fleet, of an intravenous injection of 0.25 
and 0.5 mg. of ergotamine tartrate* during the migraine attack was 
watched under the microscope, and photographs were made in twenty- 
three instances in sixteen patients. During the period of observation 
the patient was in the recumbent position, with the hand extended at 
approximately the heart level. 

OBSERVATIONS 

Characteristic capillary changes were observed to follow" injection of 
the drug in a specific sequence. 

Two to five minutes after the injection, the original “blurring” 
tended toward alternation between clearing and indistinctness. Dur- 
ing this interval pronounced variations in diameter also took place. 
The indistinctness tended to increase with nausea. Eight to fifteen 
minutes after the injection, the capillaries appeared much clearer and 
narrower, and subjective relief was simultaneously experienced by the 
patient. Subsequently, the distinctness of the capillary outline again 
varied markedly. Thirty to forty-five minutes after the injection, the 
loops again became blurred. 


♦The ergotamine tartrate was "Gynergcn” (Sandoz). 
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It has been indicated in the previous section that the capillaries of 
the skin at the base of the cuticle and on the inner surface of the lower 
lip behaved similarly as to changes in form and degree of visibility. 
Simultaneous observations and photographs in these sites made in two 
instances after ergotamine tartrate injections during migraine attacks 
(Figs. 2 A, B, G, D) showed that the onset, duration, and sequence of 
the modifications, as noted above, coincided throughout in the two 
regions. 
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Fig-. 2 A. Fig. 2 B. 

Fig. 2A. — Capillary loop's in the skin at the base of the cuticle of an adult male 
during a severe migraine attack. The visibility of the capillaries is less clear than in 
Fig. 2B. 

Fig. 2 B . — Identical field in the skin at the base of the cuticle of the same patient 
as shown in Fig. 2A. Photograph was taken ten minutes after the intravenous ad- 
ministration of 1.0 c.c. ergotamine tartrate (1 :2,000), while the loops showed clearer 
visibility and the migraine attack had been alleviated subjectively. 



Fig. 2 C. 


Fig. 2D. 


Fig. 2 C . — Capillary loops in the mucous membrane of the taper surface of the 
lower lip, near the vermilion border, taken of the same patient A® caP iiiarv oufilnes 
during the same migraine attack. Note tiie poor visibihtj of t P . 

and the similarity to the state shown in Fig. 2A. Compare also with big. iJJ. 

Fig. 2D .— Similar field, of the same region as shown in Fa -F ^he P ^ ot °^ ap J f 
was taken fifteen minutes after the intravenous "blurring” and the 

ergotamine tartrate (1:2,000), when the vessels showed decreased biurn g 

migraine attack was relieved. 


STUDIES ON WATER DIURESIS 

The visibility changes reported in the preceding sections indicated 
the possibility that a disturbance in the water balance existed duiing 
the migraine attack. Effort was made, therefore, to study, in migiaine 
patients, the effect of the ingestion of 1,500 c.c. of watei. 1 enous 
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pressure readings and capillary microscopy were carried out on fifteen 
migraine patients in twenty-nine experiments: Venous pressure was 
measured in all but three cases; capillary-observation and photography 
were carried out in sixteen experiments. 

Volhard and Fahr ,s have shown that the ingestion of 3,000 to 1,500 c.c. 
of water by a normal adult, induces the output of a quantity of urine 
slightly in excess of the amount ingested, within four hours. A quan- 
tity of urine in excess of half of the amount ingested is excreted within 
the first two hours. The specific gravity usually falls as low as 1.002 
in the second hour. A dry meal, given four hours after the ingestion 
of the fluid, is usually followed by the voiding of a small volume of 
urine within the next four to six hours, the specific gravity of which 
may reach a concentration of 3.02S to 3.032. 

PROCEDURE 

Since the results of the Volhard and Fa hr test have been shown .to 
be modified by renal and circulatory insufficiency, it was ascertained 
that these conditions did not exist in the patients tested. All the tests 
were begun early in the morning, after the subject had fasted for 
about twelve hours. The patient voided before ingesting the water, 
The subject remained at rest in bed throughout the test. A total of 
3,500 c.c. of tap water was ingested by mouth within five to ten min- 
utes. The volume of urine excreted and the specific gravity were 
measured every hour for four hours, and every other hour for another 
four hours after the administration of a dry meal. 

Venous pressure was measured by means of the indirect method of 
Eyster and Hooker, 19 rather than the method of Moritz and v. Tabora, 20 
because it permits frequently repeated readings, is rapid and painless, 
does not cause any marked interference with the circulation, and the 
readings compare fairly closely with those obtained by the direct 
method except for the effect of tissue pressure. 21 The indirect method 
can, however, be employed only on persons with clearly visible venous 
channels on the forearm or dorsum of the hand. 

RESULTS . , 

The results of twenty-nine experiments on fifteen patients are as 
follows : 

1. Fourteen of the fifteen migraine patients showed an abnormal 
“excess excretion” rate within the period of the dilution experiment. 0 
As this excess excretion subsided, a migraine attack developed in 
twenty-one of the twenty-nine experiments. Excess excretion was 
maintained throughout the concentration period! in four instances, 
and in none of these did a migraine attack develop. In four instances, 
relief of the migraine attack occurred, together with a second increase 
in urine flow. 


‘The four hours after taking 1,500 c.c. of water. 
tThe four hours after eating the dry meal. 
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2. In two eases, 0.5 mg. of ergotamine tartrate was injected intra- 
venously at the height of the migraine attack which had developed with 
complete cessation of urine flow. In both instances relief set in with 
diuresis and profuse perspiration. • 

3. Small and inconstant venous pressure variations occurred in four 
instances; no headache developed. In fifteen instances the venous 
pressure dropped simultaneously with the cessation of urine flow and 
the development of an attack, and remained low throughout the attack 
(Table I). 

Table I 

Summary of Venous Pressures in Relation to Development op Headache After 
Forced Fluid Intake in Migraine Patients 



HEADACHE DEVELOPED 

HEADACHE DID NOT 

DEVELOP 

ERGOTAMINE TARTRATE 
INJECTED AT HEIGHT 

OF HEADACHE 

No. of 
experi- 
ments 

15 ' 

! 

9 

1 

2' 


BEFORE 

FLUID 

INTAKE 

LOWEST 

AFTER 

FLUID 

INTAKE 

HIGH- 

EST 

AFTER 

FLUID 

INTAKE 

BEFORE 

FLUID 

INTAKE 

LOWEST 

AFTER 

' FLUID 
INTAKE 

i 

HIGH- 

EST 

AFTER 

FLUID 

INTAKE 

BEFORE 

FLUID 

INTAKE 

LOWEST 

AFTER 

FLUID 

INTAKE 

HIGH- 

EST 

AFTER 

FLUID 

INTAKE 

Range of 
venous 
pressure 
in cm. 
water 

7-10 

4-8 

10-17 

5-11 

4-9 

6-15 

9-9 

6-8 

13-14 

Average 
of ve- 
nous 
pressure 
in cm. 
water 

S.6 

5.9 

12. S 

7.9 

6.9 

11.2 

9.0 

7.0 

13.5 


4. The majority of patients did not show blurring of the capillaries 
or suffer from headache before ingestion of the fluid. Although about 
half exhibited slight blurring of the capillaries and complained of 
slight headache during the period of dilution, the noticeable fact is 
that, during the period of concentration, half of the patients showed 
marked blurring of the capillaries and complained of severe headache 
(Table II). 

Table II 


State of Capillary Visibility and Headache During the Phases of the Voliiard 

and Fahr Test 


CAPILLARY VISIBILITY AND HEADACHE 


BEFORE 

INGES- 


DURING 

DILU- 


DUIUNG 

CONCEN- 


TOTAL 


TION 


TION 


TRAT10N 


No blurring and no headache ® 

Slight blurring and no headache I 

Slight blurring and slight headache 2 

Slight blurring and marked headache 0 

Marked blurring and'Slight headache 0 

Marked blurring and marked headache 3 

. Total H- 


6 

2 

7 

0 

0 

0 

15 


0 

2 

3 

1 


15 


11 

S 

12 

1 

2 

S 
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5. In one instance crgotaminc tartrate was administered intrave- 
nously four hours after ingestion of water, at the height of the headache. 
Some blurring of the capillaries had been present from the beginning 
of the observation, but, after the injection, the blurring became slightly 
less, and varied greatly along with the occurrence of diuresis and 
cessation of headache (Fig. 3). 



6. Only one of the fifteen patients, a woman, 18 years of age, showed 
an almost normal excretion curve. She was also the only one of the 
group whose age was under 30 years. According to her history, the 
migraine attacks from which she had suffered had been of infrequent 
occurrence and of a mild nature. 

discussion 

Any ciitical evaluation of the results of capillary microscopy and 
photography depends upon adoption of definite criteria for deciding 
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upon the limits within which a capillary blood vessel may he called 
noimal, and upon appreciation of the sources of error and limitations 
of the methods. The normal capillary structure has been described by 
many investigators. Slight changes in diameter, a wavy course of the 
capillary, and irregularities in blood flow, as described by Parrisius 22 
and more recently by Griffith , 23 are so common as to suggest that they 
belong within the range of normality. 

Disturbances in the endocrine status of the subject have been re- 
ported 24 ' 20 as giving rise to variations in the length and diameter of 
the visible capillary limbs, the distance between the arterial and venous 
channels, the pointing of the transition limb into “tent formation ,” 27 
the rate of blood flow, and the reactions to drugs such as epineph- 
rine. 28 ’ 20 Previous attempts to label definite “capillary pictures” as 
characteristic of certain diseases have failed largely because the micro- 
scopic changes are not usually specific for a given disease. The method 
is useful essentially as an additional means of study of physiologic and 
pathophysiologic changes in the peripheral circulation. 

The significance of “blurred” capillaries in migraine needs evalua- 
tion. Explaining the observed blurring as the result of technical diffi- 
culties does not seem valid because blurring occurred so regularly in 
a given patient during an attack of migraine, and because the same 
field and mechanical setup were used. Furthermore, the change was 
simultaneous in skin and mucous membranes. In photographs of capil- 
laries, blurring was difficult to interpret because the accuracy of focus 
could not be ascertained witlx sufficient reliability. The focus may 
change in the unanesthetized living subject during exposure of the film 
because of the limited fixation of the part studied. Observation is ob- 
viously superior to photography for studying changes in visibility. 

Change in the state of visibility of the capillary outline was reported 
by Cohixheim 30 to occur in inflammation, and was believed to be re- 
lated directly to swelling of the endothelial cells of the capillary walls. 
During wheal formation, increasing capillary indistinctness has been 
observed to culminate in a final capillary tamponade . 31 The experi- 
ments in diuresis also suggest that the distinctness of capillary outlines 
is directly related to the transudation or exchange of material through 
the capillary wall. Occurrence of blurring in the capillaries of the 
body surface does not, however, permit the assumption of similar 
changes in the cerebral capillaries, even though similarity in the re- 
sponse of the capillaries of the two regions in question has been 
described . 32 ' 34 

In contrast to the changes in the state of visibility, changes in the 
form of the capillaries can be recorded with more accuracy. The sig- 
nificance of deviations in form which alter the basic characteristics of 
‘the loop is not sufficiently understood. It is difficult to state what 
deviations from the normal are to be considered as reactive, regressive, 
or the result of failure ixr development of capillaries. I he variability 
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in diameter recalls the “angioneurotic diathesis” described by Par- 
risius 22 and Mueller. 33 It has been recently indicated by Mueller 30 that 
persons who have such changes in capillary form and diameter tend 
to have an increased susceptibility to vasomotor disturbances, allergy, 
and migraine. 

The mechanism of the action of ergotamine tartrate is not fully un- 
derstood. Our observations suggest the existence of a relationship 
between the fluid exchange through the capillary walls, and relief of 
some of the symptoms of the migraine attack by the action of ergota- 
mine tartrate. Additional information regarding the effect of ergot- 
amine tartrate on the capillaries in normal persons and in the interval 
between migraine attacks is needed. 

The studies on water diuresis indicate a relationship between the 
water balance of the body, the state of the peripheral capillaries, and 
the migraine attack. Forced ingestion of water induced an excessively 
high rate of excretion in fourteen of fifteen migraine patients, a fact 
which suggests that the pre-edematous state of Volhard and Fahr 18 
existed. Fremont-Smith and Merritt 37 have reported that the induc- 
tion of epileptiform seizures by forced fluid intake takes place in the 
absence of changes in intracranial pressure. It is therefore unlikely 
that the development of headache after forced fluid intake in our 
studies was mediated by changes in intracranial pressure. 

A correlation in time between urine flow and onset and alleviation 
of the headache was consistent in the reported experiments; cessation 
of urine flow coincided with the onset of headache in the twenty-one 
instances in which an attack developed. Further, in the two instances 
in which ergotamine tartrate was administered intravenously at. the 
height of the attack, the relief of headache coincided with a dramatic 
resumption of diuresis. 

The variations in venous pressure were not large enough to be clear 
in significance. The fact that venous pressure fell slightly in each 
instance of an induced attack of migraine may be considered as addi- 
tional evidence of loss of fluid from the circulatory system into the 
tissues. 

SUMMARY 

1. An attempt was made to study changes in the capillaries of the 
body surface with respect to their possible relationship to the migraine 
attack. 

2. Impaired visibility of the surface capillary outlines, or “blur- 
ring,” was observed during 142 migraine attacks in 118 patients. Its 
possible relationship to a physiologic mechanism is discussed. 

3. Changes in the visibility of the surface capillary vessels were 
found to follow a definite course subsequent to intravenous injections 
of 0.25 or 0.5 mg. ergotamine tartrate, in twenty of twenty-three 
instances. 
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4. Observations during migraine attacks induced by forced water 
ingestion seem to indicate a definite relationship between the fluid 
balance of the body, the state of Ihe peripheral capillaries, and the 
migraine attack. 
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THE BLOOD PRESSURE IN ESSENTIAL HYPERTENSION: 
EFFECT OF SEVERAL REPUTEDLY HYPOTENSIVE DRUGS 


John S. Kapernick, M.D.,* Rochester, Minn. 


C SSENTIAL hypertension is an extremely widespread disease. It has 
been estimated by one author 1 that almost a fourth of all deaths 
of persons more than 50 years old are directly attributable to hyperten- 
sion. The leading position of cardiovascular-renal diseases in tabulations 
of causes of death is familiar to all. Hypertension accounts for a large 
percentage of these deaths. In a series of 150 cases of cardiac decom- 
pensation, Dry 2 found that in 76 per cent of cases “cardiac decompensa- 
tion was on the basis of hypertension and coronary disease either in- 
dependently or in association with each other. ...” The influence of 
elevation of the blood pressure on life expectancy has been clearly demon- 
strated by Keith, Wagener, and Barker. 3 These authors found that even 
in the “benign” or relatively stationary types of essential hypertension, 
the median duration of life after the first examination is 100 months (8.3 
years) for patients who have a minimal, or group I, classification. 
Among their patients with maximal, or group IV, hypertension, the 
median duration of life after the first examination was but 5.4 months. 
This has been confirmed by others. 4 Thus, there is an ample stimulus 
for search for improved treatment for this widespread disease. 

■ In the more than forty years that have elapsed since Allbutt 5 described 
the syndrome of essential hypertension — indeed, in the century or more 
since Bright initiated interest in problems regarding high blood pressure, 
a successful, practical, and safe method for the routine treatment of 
essential hypertension lias not been devised. Many drugs have been 
advocated for the medicinal treatment of high blood pressure. Casual 
perusal of a recent listing 0 of drugs and pharmaceuticals reveals almost 
100 names of “hypotensive” drugs which are alleged to be of value in 
such treatment. In 1930, Aymair found at least 200 reports of the suc- 
cessful treatment of essential hypertension by different drugs and 
methods. He pointed out that the constant employment of new drugs 
and the continued high mortality rate associated with essential hyper- 
tension indicate that the proper treatment is still unknown. This state- 
ment might well have been made today. In this excellent review, Ayman 
pointed out certain fallacies in these claims, which are involved in the 
interpretation of therapeutic results. (Perusal of the literature of the 
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subsequent decade would suggest that these pertinent warnings have 
been generally disregarded.) The claim of “successful treatment of 
essential hypertension often is based only on symptomatic improvement 
of the patient, rather than on any substantial reduction of the blood 
pressure. Most authors agree that the symptomatic status of the hyper- 
tensive patient has little relationship to the levels of the blood pres- 
sure. 8 ' 11 In a further discussion on the interpretation of “relief of 
hypertension,” Ayman 12 pointed out additional pitfalls which claim the 
unwary. The most important of these is the lability of the blood pres- 
sure among hypertensive persons. Wide fluctuations in blood pressure 
from time to time necessitate 13 ' 10 making careful control observations to 
allow for appreciation of this factor in the treated patient. Otherwise, 
this striking instability may account for an apparent hypotensive effect. 
This factor also becomes an important consideration in the establishment 
of criteria for determination of a “hypotensive” effect. 

The refractory nature of hypertension is further confirmed bv the 
large number of medical techniques which continue to appear. It seems 
unlikely that all of the large number of drugs now available 0 are capable 
of lowering the blood pressure in hypertensive patients. It is note- 
worthy that when the results of “successful” treatment are analyzed to 
show symptomatic improvement, as separate from actual reduction in 
blood pressure, it becomes apparent that, although symptomatic response 
is relatively easily obtained, reduction of blood pressure is difficult. 
Sometimes it is said that symptomatic improvement is a sufficient end in 
itself, and that reduction in blood pressure is undesirable; and that, if 
this latter condition is established, the patient may suffer. It is by no. 
means demonstrated that such a statement is true, and experienced 
observers 7 ’ 17 - 18 of hypertensive patients feel that, on 1 he contrary, re- 
duction of blood pressure is the essential aim of treatment. The fact 
that the symptoms of hypertension can be controlled in many ways, 7 ’ in ’ 20 
and that, with excellent symptomatic control easily available, the mor- 
tality rate has not been reduced over a period of years, would lead to the 
conclusion that the symptoms associated with hypertension do not 
measure any factor contributing to death in these patients. It seems 
more reasonable to conclude that elevated levels of blood pressure are 
significant contributory factors in the established mortality rate. In- 
direct support of this contention is seen in (lie advertising appeals of 
manufacturers, who often make extravagant claims for the hypotensive 
properties of their particular remedies. 


In a more recent therapeutic assay of drugs which are reputed to be 
effective in controlling essential hypertension, Evans and Longhnan 18 
agreed that the desirable (that is, hypotensive) effect is ravel v obtained, 
but that good symptomatic response can be obtained by the use of many 
drugs. In their series, placebo medication was generally as effective as 
any “hypotensive” drug that they used. These authors also pointed 
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can thus be made to describe all possible variations of the area under 
T 1; T 2 , and T s due to all possible variations of the area under QRS. In 
a like manner, if the terminus of & is made to describe any arbitrary 
path whatever about 0 while A Qns remains fixed, the terminus of A T 
describes an altogether similar path about the terminus of -A QRS , The 
second path can thus be made to describe all possible variations in the 
area under T x , T 2 , and T 3 due to all possible variations of the gradient. 
All possible secondary and primary changes, respectively, in the area 
under T may, in this manner, be arbitrarily obtained. 

Assuming that the gradient is normal, the position of A QI!S which 
gives the maximal negative area under T x is such that Aq rs coincides 
with the positive half of the RL-axis. Under the circumstances, the net 
areas under QRS, and QRS, are equal in magnitude and unlike in sign; 
the former is positive and the latter negative. Again assuming that 
the gradient is normal, the position of Aq RS which gives the maximal 
negative area under T 3 is such that Aq RS coincides with the positive 
half of the LF-axis. Under the circumstances, the net areas under QRS X 
and QRS, are equal in magnitude and unlike in sign; the former is 
negative and the latter positive. 

It has been herein pointed out that, within relatively narrow limits, 
the normal gradient G is fixed with respect to R. Inasmuch as the posi- 
tion of R varies normally in one subject as compared with another, it is 
clear that the normal position of G must likewise vary. It is also clear 
that the precise position of 0- with respect to the triaxial reference sys- 
tem is of great importance in ascertaining whether the areas under 
T x or T 3 will be less positive or actually negative for the described 
critical positions of Aq RS . 

To illustrate, let us suppose that Subject A, with a vertical heart, 
has a normal gradient that lies in that half of the fifth sextant which 
is adjacent to the sixth. In addition, let us suppose that Subject B, with 
a horizontal heart, has a normal gradient at 3 o’clock, or collinear with 
the positive RL-axis. Let us further suppose that A QR s for both sub- 
jects is like in magnitude and lies at 3 o'clock. Furthermore, the ap- 
pearance of QRS in both subjects is similar. In Subject A the situation 
is abnormal, for Aqrs makes a polar angle of more than 60 degrees with 
respect to R or G (the maximal normal is about 30 degrees, Fig. 6). 
The abnormality of QRS is evidenced by the positive rotation (counter- 
clockwise) with respect to R or G, and may be ascribed to preponderant 
hypertrophy of the left ventricle. Under the circumstances, T x is in- 
verted and T, is low or diphasic. Moreover, the T-wave changes aie 
secondary and’ add nothing further to the diagnosis. In Subject B the 
entire situation is within the range of normal. T x is necessarily a posi- 
tive deflection unless the magnitude of Aqrs actually exceeds that of L. 
Since G was assumed to be normal, the abnormality of A Qr .s must (m the 
event that T x is inverted) consist of an abnormal growth of A QRS with- 
out rotation. A growth of Aqrs may result from ventriculai hypei- 
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tropliy. Therefore, in the event that Aqrs exceeds G-, with consequential 
inversion of T 1; the T-wave changes are secondary in kind, and add 
nothing further to the diagnosis of ventricular hypertrophy for 
Subject B. 

Deviation of A qRs with respect to 
the normal ventricular gradient: 

Max.+A. ~ 24°, Mag: = 11'4<S m.v.s. 

Hax. -L - -35°, Mag. = 10 -80 m.v.s. 



A circle of radius 42 m.v.s 
centered 50 m.v.s. from the 
origin at an. L oi -50° includes 
95 % of termini of norm grads. 

Fig. G. — Illustrating the relationship with respect to the triaxial reference system 
of 100 points. Each point indicates the position of the terminus of G, as measured 
from a presumably normal electrocardiogram recorded from an adult subject with no 
clinical evidence of heart disease. (Bayley, R. H., Holoubek, J. E., and Holoubek, 
A. B., 1940.) See text 
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Let us again consider Subject A. The vector fi lies in that half of 
the fifth sextant which is adjacent to the sixth. Let us now suppose 
that both Aqus and G are found to lie along the positive axis of EL, 
and that the magnitude of (x is one-third greater than that of Aqr S . 
Ileie, T x and T 2 are positive and T 3 is inverted. So far as the T waves 
aie alone concerned, they appear to be normal. Actually, however, a 
decided abnormality is present. In the first place, Aqrs shows the same 
abnormality (a rotation) as previously described, and the interpretation 
is the same. In the second place, the apparently normal T waves are 
actually abnormal because of the presence of secondary changes which 
have been annulled by primary changes. The latter are evidenced by a 
growth and positive rotation of G- with respect to fl. The interpreta- 
tion of the gradient growth and rotation will not be considered at this 
point. However, had not the positions of Aqrs and Gr been considered 
with respect to ft, the anatomic axis of the ventricles, a diagnosis of a 
normal electrocardiogram might have been made, as in the case of 
Subject B. 

When the area under a T deflection is small, the deflection is either 
tow or diphasic. When the area under T is zero, the deflection may 
not exist, or it may be diphasic or even triphasic. 

It may be noted that the term “axis deviation” has thus far been 
avoided. In my opinion, the current use of the term is more harmful 
than helpful. A so-called axis based upon the amplitudes of the QRS 
deflections and expressed as deviated with respect to the triaxial ref- 
erence system can have little or no accurate interpretative value. The 
three manifest mean axes A QRS , At, and G are of equally great impor- 
tance, and must lie described in direction and magnitude, both with re- 
spect to the triaxial reference system and with respect to the base-apex 
axis ft. Moreover, “deviation” of a mean axis may be one of direction 
and magnitude, singly or in combination, away from or toward; an ex- 
pected normal position. The terms adopted here are “diversion,” in- 
dicating a change away from the . normal in magnitude and direction, 
singly or in combination, and “reversion,” indicating a change toward 
the normal in magnitude and direction, singly or in combination. In 
the event of diversion or reversion, it is necessary to state tne specific 
axis with respect to which the diversion or reversion has taken place. 
Depending upon the circumstances, it may be found most convenient 
to change from one axis of reference to another. In the foregoing ex- 
ample of Subject A, the mean axis abnormality is most conveniently 
described (in the first instance) as a positive diversion of Aqrs with 
respect to ft, and (in the second instance) as a positive diversion of 
Aqrs and Gr with respect to ft. 

All of the polar angles which the various mean axes and reference 
axes make with respect to one another are subtended at the origin 0 
of the triaxial reference system, and are described as positive or nega- 
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live, depending upon whether Hie direction of measurement appears 
counterclockwise or cloclcwisc, respectively. The term “rotation” of a 
mean axis implies a change of direction only, and the direction of rota- 
tion is positive or negative, depending on whether its motion appears 
counterclockwise or clockwise to an observer looking toward the frontal 
plane from a point anterior to the plane. 

section v 

ON PRIMARY T-WAVE CHANGES 

As described in the previous section, all primary T-wave changes are 
caused by a local alteration in the normal lack of uniformity of dura- 
tion of the excited stale in the subepicardial and subendocardial muscle 
layers of the ventricles. At the present time no understanding has 
been reached regarding the fundamental reason for the normal lack of 
uniformity of the effective duration of the excited state. It is clear, 
nevertheless, that the lack of uniformity in question is local, and exists at 
the epieardial and endocardial surfaces of the ventricular muscle. More- 
over, the duration of the excited state in muscle units between the sur- 
face layers is immaterial. The normal ventricular gradient has a base- 
apex direction , 17 and is said to point away from regions of the sub- 
epicardial and subendocardial muscle layers in which the average dura- 
tion of the excited state is greatest, toward regions at these surfaces 
where the average duration is least. Consequently, the normal gradient 
may mean that the average duration of the excited state is greatest in 
the subepicardial, as compared with the subendocardial, muscle; it may 
mean a greater average duration of the excited state in the basal, as 
compared with the apical, muscle units subjacent to the ventricular sur- 
faces; or, it may mean a combination of these possibilities. . Certain 
phenomena concerned with the motions of the normal manifest mean 
axes have led some investigators 18 to believe that the spatial gradient SO 
has a posterior as well as an apical direction. If this opinion is cor- 
rect, the spatial gradient may mean that the average duration of the ex- 
cited state is greater in the surface muscle units of the anlerobasal 
regions, as compared with the posteroapical regions of the ventricular 
walls. It is likewise clear that, until more is known about the factor or 
factors which account for the normal ventricular gradient, little progress 
can be expected concerning the fundamentals of the abnormal gradient. 

In view of the foregoing statements, it might be concluded that little 
of practical clinical value is to be found in the present discussion. Such 
is emphatically not the ease. There are a number of varieties of factors 
which are known to operate clinically in such a manner as to alter the 
normal gradient and thus bring about primary T-wave changes. Often 
it is a difficult matter for the clinician to decide which factor or group 
of factors is operating to produce the particular primary T-wave changes 
under consideration. When more than one factor is known to be present, 
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attempts can be made to remove one factor at a time during a careful 
study of the concurrent serial electrocardiograms. In this rather tedious 
manner, reliable decisions can he reached regarding the interpretation 
to be placed upon many of the primary T-wave changes. Routine in- 
terpretations of primary T-wave changes are to be made, therefore, with 
great caution. 

Among the factors which may alter the gradient singly or in combina- 
tion are variations of the blood hydrogen ion concentration, various 
hormones, temperature, anemia, toxic agents, drugs of various lands 
(digitalis, in particular), and local ventricular ischemia. Only the last 
of these factors is considered in the discussion which follows. 

In general, there appear to be two important kinds of local ventricu- 
lar ischemia, acute and chronic. Evidence of either kind may be pres- 
ent in the electrocardiograms from a subject who has no cardiac pain. 
On the other hand, a history of cardiac pain is characteristically pres- 
ent in subjects whose electrocardiograms display evidence of acute local 
ventricular ischemia. Subjects whose electrocardiograms display evi- 
dence of chronic local ventricular ischemia frequently give a history of 
recurrent attacks of paroxysmal dyspnea. The electrocardiographic 
changes ascribed to acute local ventricular ischemia do not differ ma- 
terially in kind from those ascribed to the chronic form of local ven- 
tricular ischemia. In fact, the only significant differences are the rate 
of appearance, the duration, and the rate of disappearance of the T-wave 
changes. In the acute variety, the appearance is usually a matter of 
minutes, hours, or a few days; the duration is usually a matter of min- 
utes, days, or a few weeks at the most ; and the rate of disappearance is 
comparable to the rate of appearance. In the chronic variety, the ap- 
pearance is a matter of a few or many months; the duration is 
a matter of many months or a number of veal’s ; and the disappearance 
is often interrupted by death. It is known that the acute variety may 
be evidenced electrocardiographically for as long as two weeks in man, 
without the involved muscle showing any gross or microscopic abnormal- 
ities . 19 The chronic variety may indicate a concurrent development of 
myocardial fibrosis. In both varieties of local ventricular ischemia, the 
associated varieties of heart disease are hypertensive, syphilitic, and 
arteriosclerotic, singly or in combination. The acute variety is most 
commonly encountered in the arteriosclerotic type of heart disease. 
There can be little doubt that spasm of a subdivision of the coronary 
arterial tree is at least a precipitating factor in many of the instances 
of acute or transitory local ventricular ischemia. A somewhat sub- 
acute form frequently develops and disappears concurrently with the 
transitory hypertension of acute nephritis. Here, the electrocardi- 
ographic evidence is, strangely enough, of a kind strikingly similai to 
the chronic variety associated with chronic hypertension. Moreover, if 
the evidence in either instance may be interpreted as indicating local 
ischemia, it indicates, more strangely still, a local involvement of the 



BAYIjKY : IXTKRPRKTATIOX OK KUKCTROCARDIOGRAMS 


815 


muscle ordinarily irrigated by 1 he left coronary artery (see following 
analytical explanation). 

The precise location and the intensity of the ischemia are the chief 
factors which determine the kind and magnitude of the associated T-wavc 
changes. These primary T-wavc changes are caused by a local prolonga- 
tion of the average duration of Ihe excited state in the neighboring 
surface muscle layers. Consequently, local ischemia which is confined 
to muscle between the surface layers is without associated electrocardi- 
ographic changes. 

The muscle layer subjacent to the endocardial surface differs in two 
important respects from the layer subjacent 1o the cpicardial surface. 
The former is nourished by a comparatively rich arterial plexus. 20 More- 
over, when the local intravascular pressure falls because of impaired 
coronary ilow, the subendocardial muscle layer is irrigated by blood 
from the ventricular cavity, i.e., blood which flows through the thebesian 
veins. It is conceivable that the innermost layer of muscle cells may 
obtain adequate nourishment by direct imbibition across the endo- 
cardium. It is clear, therefore, that, as a large zone of local ventricu- 
lar ischemia develops and reaches transmural proportions, the intensity 
of the ischemia tends to he greater in the subjacent cpicardial, than in 
the subjacent endocardial, muscle. Because of the lamellar character 
of the regression wave, the measured degree of the local ischemia is pro- 
portional to the difference between the degree of the local ischemia at 
the cpicardial and that at the endocardial surface. With the develop- 
ment of local ischemia, the gradient undergoes a diversion which tends 
to bring the direction of the vector SO into that of a line drawn from 
the center of the local ischemia toward the center of the involved ven- 
tricle. Generally, t hen, if local ischemia involves that portion of the 
ventricular muscle which is ordinarily irrigated by Ihe right coronary 
artery, the manifest, gradient G sweeps through a positive rotation 10 
into the first, or the neighboring half of Ihe second, sextant. Let us as- 
sume that Aqp.s retains its normal position in the sixth sextant (Fig. 7, 
a). The vector A T , when altered by the described diversion of G, is 
now such as to measure a small positive or zero area under T 1? and 
equally large negative areas under T„ and T\. If the local ischemia in- 
volves that portion of the ventricular muscle which is ordinarily irri- 
gated by the left coronary artery, the manifest gradient G sweeps 
through a negative rotation into the fifth or the adjacent half of the 
fourth, sextant. 10 Let us again assume that Aq ]!S retains its normal 
position in the sixth sextant (Fig. 7, b). The vector A T , as altered by 
the described diversion of G, is now in a position which measures a large 
negative area under T„ an equally large positive area under T,, and 
a zero or nearly zero area under T,. When the areas under the T waves 
are large (positive or negative), the effective events of regression may 
begin before those of accession are complete, and the RS-T junction is 
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displaced from 1 lie base line of the curve in the direction of the regres- 
sion effect. RS-T junction displacements of this kind are not to be 
contused with those ascribed to injury (see next section). 

In so far as the general form of the T wave is concerned, there are 
no important differences between those changes ascribed to uncom- 
plicated local ischemia and those ascribed to the perifocal ischemia 
oi infarct. As a matter of fact, the acute variety of the former changes 
occasionally heralds ventricular infarction, and the primary T-wave 
changes diasppear temporarily as a result of the development of injury 
effects. Subsequently, the same T-wave changes reappear subtotally as 
evidence of the perifocal ischemia of infarct. The injury effects (RS-T 
inaction displacements) concurrently vanish with the reappearance of 
local ischemia effects. An example of the final appearance and disap- 
pearance of the changes ascribed to the perifocal ischemia of infarct is 
shown in Fig. 7, c. The associated path traced out by the terminus of 
the manifest gradient 0 is shown in Fig. 7, cl. 

In the semiunipolar and unipolar leads, the relative delay of regres- 
sion at the cpicardial surface subjacent to the exploring electrode is 
evidenced by a sharp inversion of the T deflection. With anterolateral 
ischemia, this .effect may be shown in curves recorded at the fourth, fifth, 
and sixth precordial positions. 

Strictly apical ischemia at first shortens the gradient, and, if suffi- 
ciently intense, may reverse it into the third sextant. The former 
gradient change tends to reduce the positive areas under the normally 
upright T deflections, whereas the latter change may account for sharp 
inversion of T 1} T„, and T ;; , together with inversion of T at the fourth 
precordial position. During 1 he development of a gradient reversal of 
this kind, T ls T„, and T., become inverted before the actual gradient 
reversal occurs. If Aqks and G- are collinear in the sixth sextant, At ap- 
pears in the third sextant as the magnitude of Ot becomes less than that 
of Aqrs- 

Finally, it is conceivable that a diffuse ischemia, localized to the basal 
regions of the ventricular walls, might produce an excessive increase 
in the magnitude of the normal gradient without altering its normal 
direction. The normally positive areas under T x and T, would be in- 
creased accordingly. In one instance of this kind the magnitude of the 
gradient measured 160 m.v.s. The curve appeared essentially normal 
in all other inspects. The patient had had typical attacks of caidiac 
angina throughout the month which preceded the recording. For an 
example of electrocardiographic changes' ascribed to local ischemia, 
see Fig. S, a and b. 

The problem of local ventricular ischemia, as depicted in this section, 
is incomplete to the extent that injury and blocking effects, which are 
ascribed to a second and more severe grade of impaired blood supply , 
have not been dealt with (see next section). 
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SECTION VI 

ON THE INJURY EFFECT AND ITS RELATIONSHIP TO - 
MYOCARDIAL INFARCTION 

According to the notation hereinbefore adopted, the ventricular re- 
gression effect writes” the T sE-loop of the three-dimensional vector- 
cardiogram, and the T Ifi-loop of the two-dimensional vectorcardiogram. 
The latter is the projection of the former upon the plane of the triaxial 
reference system. Moreover, the T sE-loop is the path described in 
space by the terminus of sE, the instantaneous axis of regression. The 
relationship between these loops and the T deflections of the extremity 
leads is the same as that previously described as connecting the QRS 
loops with the initial ventricular deflections of the extremity leads. Re- 
gression of the auricles also produces a measurable effect in the vector- 
cardiogram and in the extremity leads, but the effect is ordinarily ob- 
scured by the deflections of ventricular accession. 

In man, the RS-T junction, as seen in the preeordial leads, is often 
displaced upward normally from the base line for a distance of one or 
two millimeters, indicating that a regression effect has already com- 
menced at the time at which accession terminates. For the most part, 
however, the regression effect does not manifest itself in the extremity 
leads until the lapse of a variable short interval of time after accession 
terminates. This interval constitutes the so-called RS-T segment, which 
is written on or nearly on the base line of the curve. 

It is clear that the onset of T in the extremity leads does not repre- 
sent the onset of ventricular regression, but merely the time at which 
the magnitude of the regression effect is sufficiently great to affect the 
completed record. Under certain circumstances the magnitude of early 
regression is sufficiently great to affect the completed record at the time 
at which ventricular accession ends. Whenever this is the case, the RS-T 
segment is absent, and the onset of T appears to take off from the final 
ascending or descending limb of QRS. In reference to this event, the 
RS-T junction is said to be displaced above or below the base line. If 
the duration of QRS is prolonged (as in bundle branch block), the RS-T 
segment is characteristically absent and the junction is often displaced. 
Early regression and prolonged accession are like ]} 7 to occur together in 
effecting an RS-T junction displacement. Junction displacements caused 
by these factors operating singly or in combination are referred to as 
displacements of the permanent type, in contrast to a temporary variety 
which is associated with the injury phenomenon of ventricular muscle. 
The permanent variety may ordinarily be recognized by its association 
with QRS complexes which have large areas under the curve, and by 
the fact that the direction of the displacement is like in sign to that of 
the area under T, the adjacent deflection. 

It is the purpose of the present discussion to deal with the temporary 
variety of RS-T junction displacement which is associated with injury 
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of ventricular muscle. The term injured muscle, as used throughout 
the discussion, implies an altered physiologic, rather than an altered 
structural, change. The alteration is recognized by the associated 
elect rocardiographie changes, which, in a given case, may or may not 
prognosticate detectable structural change. As ordinarily observed 
in connection with disease of the coronary arteries, the zone of injured 
muscle is ischemic in the sense that its blood supply is insufficient, and, 
except for the degree of this insufficiency and the electrical effects pro- 
duced, it, resembles a zone of local ischemia, as described in Section V. 
The injured zone is regarded as a second and more severe grade of local 
ischemia. Obviously, the two grades arc closely related, and, depending 
upon the circumstances, one grade may pass into t lie oilier. In a given 
curve, almost any combination of the associated effects may be en- 
countered. 

In Section V, a zone of local ischemia was described as characterized 
by a local prolongation in t lie effective duration of the excited state, or 
by a local, tardy onset of regression. The next grade of impaired func- 
tion quite naturally appears to be an inability to complete locally the 
delayed regression process. In terms of the membrane theory, a subnor- 
mal regression process of t his kind constitutes a tardy subnormal change 
of polarization on regression throughout the injured zone. In general, 
the electrical effects which are produced depend upon the location of 
the injured zone with respect to the ventricles as a whole, upon the dis- 
tribution of the injured zone with respect, to the epieardial and the endo- 
cardial surfaces, and upon the degree of subnormality of the change of 
polarization throughout the injured zone. 

OX THE EFFECTS OF AX 1X.IURKD LAMINA 

The experimentally injured region of the epieardial surface of the 
ventricles, or Ihe region of local or diffuse pericarditis takes the form 
of a thin, shell-like lamina of injured cells at the periphery of the 
damaged area. The lamina separates the damaged region from the sur- 
rounding normal muscle. Because of Ihe subnormal change of polariza- 
tion which occurs on regression of the injured lamina, there exists, 
during diastole, a gradient in the intensity of polarization throughout 
the injured lamina. In any element of the lamina, the direction of 
gradient increase is perpendicular to the surfaces of the injured ele- 
ment. in a direction away from the damaged toward the normal muscle. 
Consequently the injured lamina acts electrically, during diastole, like a 
steady double-layer, with its source surface adjacent to normal, and its 
sink surface adjacent to damaged, muscle . 15 Familiarity with the con- 
siderations advanced in Sections I and II concerning the character of 
the field produced by an electrical double-layer enables the immediate 
formation of an expression which describes the potential Y\ at any point 
p in the conductor near the injured region. We have 

(6-1)... V', ==-- ft n, 
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where <f>[ is the electrical moment during- diastole of the injured 
lamina, and depends upon the difference of the intensity of polarization 
at the two lamellar surfaces, one adjacent to the damaged, and the 
other adjacent to the normal, muscle; and where fij is the solid angle 
subtended at p by the boundary of the injured lamina. Unless the 
damaged region extends entirely through the ventricular wall, as might 
be the ease for a stab wound, the boundary of the injured lamina re- 
sides at the epicardial surface. Moreover, fij is positive or negative 
(during diastole), depending on whether an observer stationed at p, 
and looking through the cone, views the injured lamina through normal 
or through damaged muscle. 

Let us now examine the potential at p during systole or during the 
excited ventricular state. Accession constitutes the initial reversal 
of polarization ; consequently, except for a new intensity of polarization 
at the surfaces of the injured lamina and the reversed polarity of the 
injured lamina, the source-sink distribution of the field of injury is 
unchanged during systole. Thus, if V" denotes the injury potential 
at p during systole, and if <f> " denotes the electrical moment of the in- 
jured lamina during systole, we have 

(6-2) ... V? = 0 th 

where Oi is now positive or negative, depending on whether an ob- 
server stationed at p, and looking through the cone, views the injured 
lamina through damaged or through normal muscle. When the gal- 
vanometer is standardized during diastole a compensating current is 
introduced into the body-galvanometer circuit which neutralizes the 
effect during diastole of an injury current. Consequently, during sys- 
tole, when the flow of injury current reverses, the compensating current 
is left free to flow around the circuit with the systolic injury current. 
The total effect on the completed record occurs, therefore, only during 
systole, and consists of the sum of two currents, one described by the 
right-hand side of eqn(G-l), with the sign changed, and the other de- 
scribed by the right-hand side of eqn(6-2). Consequently, the iiijuiy 
potential V, at p, as depicted by the completed record, is given by 

(6-3) ... Vi — (<i> ' + </>r )^>> 

and if in this expression we define the content of the parentheses by 
</>i, we have 

(6-3) .. . Vi = 

for use in the description of the injury potential produced at the tip 
of the exploring electrode by the presence of an injured lamina. 

Relation (6-3) has a number of important and simple applications. 
In acute diffuse pericarditis, which damages the subepicaidial muscle 
layer, the injured lamina has a free edge, or boundary, encii cling the 
base of the ventricles, whereas the configuration of the outer surface 
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of the injured lamina is very nearly that of the ventricular epieardium 
itself. At all points within, or at, the surface of the conductor outside 
the heart, and on the inferior side of a plane passed through the 
boundary of the injured lamina, the injury potential is positive; at all 
points within, or at, the surface of the conductor on the other side of the 
plane, the injury potential is negative ; at points within, or at, the sur- 
face of the conductor and within the specified plane outside the boundary 
of the injured lamina, the injury potential is zero; and, finally, at all 
points within the plane inside the boundary of the injured lamina, the 
injury potential is - 2 ^. Within the heart the. injury potential is neg- 
ative. 

In dealing with the injured lamina in regard to its effect on the RS-T 
junctions of the extremity leads, we are at liberty to construct during 
systole the spatial axis of injury sEj, and its projection Ej, upon the 
plane of the triaxial reference system in a manner similar to that used 
in dealing with the spatial and manifest axes of accession. Thus sEi 
is given by the relation 

(6-4) ... sfij = SiCi 

where Si is the plane area circumscribed by the boundary of the in- 
jured lamina, and polarized in the same sense as the injured lamina is 
polarized during systole, and where 6; is a unit vector in the direction of 
the outward-drawn normal to the positive surface of Si. Relation (6-4) 
shows that the magnitude of the vector sE s is equal in units of length 
to the area of S, in units of area, and is, moreover, independent of the 
configuration of the surfaces of the injured lamina. In the case of 
acute diffuse pericarditis, Si lies at the ventricular base, with its positive 
surface directed toward the ventricular apex. Consequently, sEi is 
collinear with the anatomic axis S, and the vector Ej splits the sixth 
sextant. Clearly, the measured injury potential is a concordant positive 
displacement of the RS-T junctions of all extremity leads, large in 
Lead II, intermediate in Lead I, and small or zero in Lead III. It may 
be observed further that a local pericarditis which caps the ventricular 
apex produces the same, or nearly the same, effects as described for 
diffuse pericarditis. A localized pericarditis on the anterolateral aspect 
of the ventricles produces positive RS-T junction displacements in 
precordial leads at positions 4, 5, and 6, and discordant displacements 
in the extremity leads, upward in Lead I and downward in Leads II 
and III. As will be shown presently, these are precisely the kind of 
injury effects observed in recent anterolateral infarction. 

The dictates of eqn(6-4) may be used to formulate a rule which is 
useful in anticipating the injury effects of the extremity leads, i.e., the 
spatial axis of injury sib points during systole in the direction of a line 
drawn from the center of the involved ventricle toward the center oi 
centroid of the injured region, whereas the magnitude of sEi is pro- 
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portional in length to the area circumscribed by the boundary of the 
injured lamina . 21 Moreover, the projection of sEj upon the triaxial 
reference plane gives the manifest axis of injury E i; which defines by 
its projections upon the reference axes the direction and proportional 
magnitude of the RS-T junction displacements of the extremity leads. 
Thus, in the case of acute diffuse pericarditis, the configuration of the 
injured lamina is sucli that the centroid lies between the center of the 
ventricles and the cardiac apex. In connection with further use of the 
rule, it is important to note that a localized pericarditis, confined to the 
strictly anterior aspect of the ventricles or to the strictly posterior aspect 
of the ventricles, produces an axis of injury sEi which is directed normal 
to the plane of the triaxial reference system. Consequently, E ; is zero 
and no RS-T junction displacements appear in the extremity leads. 
It also follows that two areas of acute local pericarditis, confined to 
diametrically opposite aspects of the ventricular walls, are associated 
with two axes of injury, like in magnitude and unlike in sign (or of 
inverse direction). Their resultant is zero, and no associated RS-T 
junction displacements appear in the extremity leads. 

Let us conclude the present argument with the example of stab wound 
of the ventricles. The injured lamina conforms in its configuration to 
that of the surface of the penetrating instrument (provided no impor- 
tant subdivision of the coronary arteries is severed) . If penetration of 
the wall is subtotal, the boundary of the injured lamina conforms to the 
hole in the epicardial surface. Obviously, because of the size of the 
instruments ordinarily used, Sj is small, and, consequently, sE, is small, 
so that the anticipated RS-T junction displacements of the extremity 
leads are likely to lie negligible. If penetration of the wall is total, 
the injured lamina has a tubular configuration, with a boundary at the 
epicardial, and a boundary at the endocardial, surface. Moreover, the 
boundaries are approximately similar geometrically. When each bound- 
ary is treated separately, as if the other opening of the injured lamina 
were closed, two forces are derivable which are like in magnitude and 
unlike in sign (of inverse directions). Their resultant is zero, and, con- 
sequently, total, as compared with subtotal, penetration is less likely 
to produce RS-T junction displacements in the extremity leads. When 
striking displacements are found before operation, it is best assumed 
that an important subdivision of tlie coronary arteries is severed. The 
subepicardial muscle is very susceptible to trauma, and may act as if it 
were injured when the epicardial surface is handled gently or even 
wiped with moist gauze. Under the circumstances, the circumferences 
of the injured laminae are large, and the electrical effects that are pro- 
duced may be striking. However, the trivial nature of such injuries 
results in effects of brief duration, and striking RS-T junction displace- 
ments may vanish in a few hours ov even in a few minutes. These fac- 
tors are considered essential for proper interpretation of electrocardio- 
grams from subjects with stab wound of the heart. 
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ON TIIE ELECTROCARDIOGRAPHIC EVOLUTION OF 
MYOCARDIAL INFARCTION 

The QRS changes associated with myocardial infarction have been 
ascribed to the absence during systole of the electrical forces which were 
previously present in the dead zone. It is necessary to modify this 
statement; at the present time. Fundamentally, two kinds of QRS 
changes are ordinarily associated with myocardial infarction, i.e., transi- 
ent and permanent. The latter are ascribed to the absence of forces 
that were previously present in the dead zone. Throughout the in- 
jured zone, regression consists of a subnormal change of polarization . 21 
Consequently, the electrical moments of that subdivision of the acces- 
sion wave which passes through the injured zone arc of reduced mag- 
nitude as long as the injured zone persists. Ultimately, part of the in- 
jured zone may die and thus increase the dimensions of the dead zone 
and the magnitude of the permanent QRS changes. In many instances it 
is highly probable that most of the injured zone vanishes by passing 
into the ischemic state. Transient QRS changes associated with infarc- 
tion are ascribed to the diminished magnitude of forces which had been 
previously great during accession of Ihe injured zone. The subsequent 
disappearance of the injured zone is attended by the return to normal 
magnitude of accession forces that were previously small throughout 
the injured zone. Concurrently, there occurs a subtotal return of QRS 
changes toward a more normal form. 

In the initial stages of impaired coronary flow, the region of dimin- 
ished irrigation may pass at once into first grade ischemia. The electro- 
cardiogram at this time reveals only striking primary T-wave changes 
(Fig. S, «). At a variable period of time thereafter, the more central 
regions of the zone of first grade ischemia pass into second grade 
ischemia or into the injured state. Provided the injured zone extends 
to the epicardial surface, RS-T junction displacements of injury ap- 
pear in the completed record. Potentially transient QRS changes con- 
currently develop. Inasmuch as the development of the injured zone is 
dependent upon subtotal conversion of the ischemic zone, the early 
primary T-wavc changes subtotally disappear (Fig. S, b). If the pa- 
tient is fortunate, normal coronary flow may be re-established, where- 
upon the injured zone returns to the ischemic state and the latter sub- 
sequently vanishes (Fig. S, «•). Throughout such a period, the clinical 
phenomena which are associated with death of heart muscle (fever, 
leucoeytosis, increased sedimentation rate, and fall of blood pressure) 
are absent. In more unfortunate subjects infarction develops, where- 
upon extension of the injured zone continues until only a small semi- 
perifocal zone of ischemia remains. Thus, striking RS-T junction dis- 
placements appear, together with more definite QRS changes, and the 
initial primary T-wave changes may now be absent except in unipolar 
or semiunipolar leads recorded with the exploring electrode ; super- 
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Jr/ll™ r? 1 l0Cal iSCl,emia - In Similar Ieads recorded with 
the explonng electrode superjacent to the injured zone, the RS-T junc- 
tion displacements are maximal and positive. 3 

The reasons for a relatively limited extension of the injured zone in 
ic direction of the neighboring endocardial surface are the same as 
those which determine a like distribution of local ischemia, and are set 
oi th m Section V. At such a time, when the injured state involves a 
maximal area of subepicardial muscle and the neighboring subendo- 
cardial muscle is as yet uninvolved, the magnitude of the RS-T junction 
displacements is maximal. At some critical stage of extension of the 
injured zone, death of its more central regions occurs. At this time the 
clinical picture of acute infarction is complete. The severity of the 
clinical manifestations depends upon the rate of development of the 
various stages and to a less extent upon the volume of muscle involved. 
The dead zone may remain stationary or extend beyond its initial size. 
In event of the latter, the associated QRS changes progress. 

During the early stages of healing (ordinarily two to four weeks 
aftei infarction in man), the injured zone diminishes in. the direction 


of the dead zone because of the passage of its peripheral units from the 
injured, back into the ischemic, state. Consequently, when the in- 
jured zone is no longer in contact with the epicardial surface, the RS-T 
junction displacements will have vanished, together with most of the 


temporary QRS changes. Inasmuch as the subepicardial units of the 
ischemic zone have been increased by conversion of injured units into 
the ischemic state, the associated primary T-wave changes subtotally 
reappear. Finally, during the months which follow, the ischemic zone 
diminishes in the direction of the dead zone because of the gradual re- 
turn of its units to the normal state. Concurrently, the final primary 
T-wave changes vanish, and only the permanent QRS changes, associ- 
ated with the dead region, remain. Certain of the foregoing state- 
ments need clarification, but before entering the more profound aspects 
of the problem it is suggested that the reader refer to Fig. 9 for a 
diagrammatic summary of the critical stages of infarction. 

At the present time it is not generally recognized that, from a funda- 
mental standpoint, stages A through B of Fig. 9, a constitute the 


Pig. 8. — (a) Primary T-wave changes of local ventricular ischemia: Curves A 
and B were recorded, ten days apart, from a 40-year-old subject who was hospitalized 
at the time because of severe heart pain. There are no definite changes which can 
be ascribed to muscle in the injured or in the infarcted state. The local ischemia 
is more intense at the time of the B recording, where the manifest gradient has 
undergone a striking negative rotation. The ischemia is anterolateral or in the 
muscle ordinarily irrigated by the left coronary artery. The subject had no fever, 
leucocytosis, fall of blood pressure, or increased sedimentation rate. Curve C was 
recorded after an asymptomatic interval of two months, and is regarded as normal, 
(o) Primary T-wave changes and RS-T junction displacements, with minor QRS 
changes, in a subject who bad no clinical evidence of myocardial infarction: The 
subject, 42 years of age, bad suffered severe heart pain throughout the twelve-day 
period over which curves A, B, and C extend. Curve D was taken one week after C, 
at a time when pain was absent. Curve A is typical of anterolateral ischemia. In 
curve B, at the time of maximal pain, a definite injury effect is present in Lead IVF. 
Here the primary T-wave changes have subtotally disappeared. Throughout curves 
C and D the injury effects vanish, and the T-wave changes again become pronounced. 
It is held that the subject narrowly missed having myocardial infarction at the time 
of the B recording. 
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physiologic basis of the early myocardial changes associated with in- 
faiction. The electrocardiographic changes which accompany stages A 
and B consist of primary T-wave changes caused by acute local ven- 
tricular ischemia, and, as previously pointed out (Section V), are the 
lesult of a diversion of the gradient. In stage B, a zone of injury has 
appeared without affecting the completed record. Fig. 9, c illustrates 
the manner in which the zone of. acute (or chronic) local ventricular 
ischemia may be treated for purposes of analysis. The zone of local 
ischemia is limited at first by the interface which separates it from 
normal muscle. After further expansion it becomes limited, in addition, 
by the epicardial surface. If and when the ischemic zone extends to the 
endocardial surface, it is necessary that the circumference of its epi- 
cardial surface boundary exceed the circumference of its endocardial 
surface boundary in order that the average duration of the excited 
state within the former boundary shall exceed that within the latter 
boundary. The zone of ischemia is divided into lamellae of elementary 
thickness. Throughout any single lamina the duration of the excited 
state is uniform. If lines are drawn, commencing upon the periphery of 
the ischemic zone, inward toward the point or points of maximal 
ischemia, and are made to cut all encountered lamellar surfaces at right 
angles, the direction of the lines describes the direction of the most rapid 
space rate of increase of effective duration of the excited state. Neg- 
lecting the influence on regression produced by the local order of acces- 
sion, the direction of the lines determines the direction of local regres- 
sion. The negative regression potential at a point p, nearby, and out- 
side the heart, may be regarded as proportional to the sum of the neg- 
ative solid angles subtended at p by the epicardial surface boundaries 
of the open ischemic lamellae. If some of the lamellae are likewise 
open at the endocardial surface, the potential at p will be less negative 
b}^ a value proportional to the sum of the positive solid angles sub- 
tended at p by the specified endocardial surface boundaries. Inasmuch 
as the solid angles which measure the regression potential are inde- 
pendent of the configuration of the surfaces of the lamellae whose 
boundaries subtend them, the regression potential at p depends only 
upon the second reversal of polarization of the surface muscle units. 
Regression of the lamellae which are closed or which lie between the 
surfaces makes no contribution to the regression potential outside the 
ventricular wall. In short, the regression potential at an instant is pro- 
portional to the difference of potential due to the change of polarization 
at the epicardial surface as compared with that at the endocardial sur- 
face. That a change of polarization is likewise present between these 
surfaces is immaterial. 

In stage A (Fig. 9, a), when the zone of ischemia does not touch the 
epicardial or endocardial surface, all of the lamellae are closed. A zone 
of ischemia of this kind cannot alter the order of regression of the muscle 
units at the ventricular surfaces, an order which alone determines the 
form of T. 22 
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In Fig. 9, d the injured zone is treated in a fashion similar to that 
described for the ischemic zone. The lamellae into which the injured 
zone is subdivided represent regions throughout any one of which the 
subnormal change of polarization during regression is everywhere the 
same. If the subnormal change of polarization is regarded as having 
occurred initially during accession, rather than regression, the effect on 
the completed record is essentially the same, although the process is one 
of gradual blocking, and although no injury current flows. As pointed 
out elsewhere,- 1 it appears unlikely that a blocking process is the rule. 
The lines (Fig. !). d) which commence upon the dead zone and radiate 
toward the periphery of the injured zone, and which cut all encoun- 
tered lamellar surfaces at right angles arc the paths along which there 



Fig. 9. — (a) Blocks of muscle A, 13, C, D, F, and I 5 ' depict the evolution ascribed 
to myocardial infarction. Superimposed arc curves which display the associated 
electrocardiographic changes as produced in a unipolar lead from a superjacent point. 
In block A, local ischemia lias developed without producing detectable electrical 
effects. In block 13. ischemia has reached the epicardial surface and has accounted 
for a primary T-wavo change. An injured zone lias also appeared within the ischemic 
zone, and theoretically minor QHS changes may be present. In block C, the injured 
zone has reached the epicardial surface, so that RS-T junction displacements, further 
QHS changes, and reduced T-wave changes are present. In block D. Infarction has 
occurred, and RS-T junction displacements are maximum. Concurrently, the primary 
T-wave changes are reduced to a minimum. In block 13, healing has commenced. 
Tile injury zone has vanished and the effects of local ischemia arc again pronounced 
(compare curves three and six from the left). In block F, the infarct is depicted 
as healed. No perifocal ischemia is present. (!>) Diagram allowing the time relation- 
ship of the appearance and (or) disappearance of the various kinds of electrocardio- 
graphic changes, QHS, T, and RS-T junction, which characterize the electrocardio- 
graphic evolution of myocardial infarction. Note the reciprocal relationship between 
primary T-wave changes and RS-T junction displacements, which Is likewise shown 
by the development, at the epicardial surface, of the two zones, ischemic and injured. 
See text, (c) Showing the lamellar character of the ischemic zone and its relation- 
ship to tlie regression potential produced at a superjacent point p. (d) Showing the 
lamellar character of the Injured zone and its relationship to the injury potential 
produced at a superjacent point p. See text. 



